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_ Smart-sensor standar 
will ease networking 
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‘X86 derivatives — 
for your 
embedded PC 











HP introduces the 


first easy-to-use 
IR module. 


Integrated, drop-in 
module is IrDA- 
compliant and 
available now in 
volume production. 


Now there's an easy way to 
add infrared functionality to all 
your wireless applications. 

Not surprisingly, it's from HP, 
the leader in high-speed IR 
technology. 


This low-cost, interoperable 
transceiver module, the first of 
its kind, complies with the 
IrDA standard, which specifies 
point-to-point operation from 


In Europe, fax 31 2503-52977. 
In Canada, call 1-800-387-3154, ext. 9126 






1 cm to 1 meter at up to 

115.2 kBd maximum data rate 
over a +/-15 degree minimum 
and +/-30 degree maximum 
viewing angle. 


HP integrates all the analog 
transmit/receive circuitry, 
aligns the optics and provides 
an easy digital interface for 
consistent and reliable perfor- 
mance-—all in a single package. 


For other applications, HP also 
has emitters in T1 3/4 packages 
with both 17-and 30-degree 
viewing angle. And more IR 
products are on the way, 
offering higher data rates and a 
variety of new packages. 
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All from HP, the IR leader you 
can count on for consistent 
quality, reliability and respon- 
Sive service and support. 


Call 1-800-537-7715, ext. 
9126 and we'll send you 
literature and information 
on how you can 
get a free 
evaluation kit. , 


BY or 


HEWLETT’ 
PACKARD 
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#1 for On-Time Delivery 
3 ° #1 for Overall Performance 
On orders placed by 


5:00 p.m. central time Fax: 218-681-3380 © 
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World Power 








The MegaPAC" Family of power supplies gives you design control: 
AC-DC or DC-DC configurable switchers with the output you need to 2000 watts. 


Whatever your power supply needs, 
MegaPAC helps you find a fast, 
custom-tailored design solution. 
Four chassis in the MegaPAC family 
let you use selected ConverterPAC™ 
assemblies to configure different volt- 
ages and power levels to accurately 
meet your system requirements. 
With MegaPAC from our Westcor 
division, you get power, precisely. 


Instant Configurability 

Slide-in ConverterPAC assemblies 
provide an almost infinite number of 
output combinations. What's more, 
voltage or power levels can be 
changed at your factory or in the field 
by sliding in a new or replacement 
converter assembly...the perfect 
solution for scalable systems. 


Proven Vicor Technology 
The MegaPAC family’s 
modularity and instant 
configurability relies on 
the known performance 
of the Vicor VI-200 

Series DC-DC converter... 
The Industry Standard. 
Millions are working in 
telecommunications, 
industrial control equip- 


ment, supercomputers, workstations 
and other applications worldwide. 
Accordingly, MegaPAC is designed 
to meet all UL, CSA and other inter- 


national safety standards. 


Fast Response 


The penne 









Models 

MegaPAC _ _ a 1600 

(AC-DC) __Autoranging or PFC* 1-6) = : 
‘MiniMegaPAC —=—_115/230 VAC : 2 4000 Watts 

(AC-DC) _ Strappable 1-10 ipo 

3-Phase sis 208 or 240 VAC 2000 Watts 

(AC-DC) _ > ne Phase 1-20 Outputs © 
DC MegaPAC 2 24, 36, 48, 1600 Watts — 


“Contact factory for cui 


can help. Contact us today for our 
new “MegaPAC Family” catalog. 
And ask about our Quickturns™ 
program that ships MegaPACs 
custom-configured to your exact 
requirements in one week. Give us 


Time to market is critical for new a call. That’s what we're here for: 
products. And the MegaPAC family 1-800-735-6200 


Vicor Corporation 23 Frontage Road, Andover, MA 01810 USA, Tel:(508) 470-2900 « Fax: (508) 475-6715 Nim VICOR | 
Westcor division of Vicor 560 Oakmead Parkway, Sunnyvale, CA 94086, Tel:(408) 522-5280 Fax: (408) 774-5555 i | 4 [i en 


Vicor GmbH Tel: +49-89-329-2763 ¢ Fax: +49-89-329-2767 Vicor Asia-Pacific Tel: +886-2-708-8020 © Fax: +886-2-755-5578 
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VOLTAGE CONTROLLED 


OSCILLATORS 





9 


(5-49) 


25 to 1025MHz (+7dBm output) From $ | i 


It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed 


voltage controlled oscillators, you pay less but get more... top notch 


Freq. Range Phase Noise Harmonics Power Price 


quality, superior performance and value pricing. Model (MHz) (dBc/Hz) (dBc) 12VDC (Qty.5-49) 
Features include wide-band models with near octave bandwidth and linear No. Min. =SSB@10kHzTyp. Typ. Current mA $ ea. 
tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets. pog59q 95-50 410 19 17 41.95 
Excellent harmonic suppression, typically more than 25dB. RF power pos-75 375-75 -110 _27 17 11.95 
output typically +7dBm, excellent for driving level 7 mixers. Miniature size, _ POS-100 50-100 -107 -23 18 11.95 
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed POS-150 75-150 -103 -23 18 11.95 
for tough environments. Best of all, Mini-Circuits high performance, highly reliable © POS-200 100-200 -102 “24 18 11.95 
VCO’s can be yours at value prices starting at only $11.95 each  PoOS-300 150-280 -100 -30 18 13.95 
(qty.5-49). To order from stock, call Mini-Circuits today. POS-400 200-380 -98 -28 18 13.95 
Mini-Circuits...we’re redefining what VALUE is all about! POS-535 300-525 -93 -26 18 13.95 
POS-765 485-765 -85 -21 22 14.95 
POS-1025 685-1025 -84 -23 22 16.95 


DESIGNER’S KITS: 
K-POS1 $124.95 (contains 1ea. all models). 
K-POS2 $79.95(contains 1¢a. all models except POS-75,-150,-300). 


Notes:TunIng voltage 1 to16V required to cover freq. range. 
Operating temperature range: - 55°C to +85°C. 


CL] Mini-Circuits’ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 195 Rev A 
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Smart-sensor standard 
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Zero in on x86 
derivatives for your 
embedded PC 


Smart-sensor 
standard will ease 
networking woes 


Self-calibrating ADCs 
offer accuracy, flexibility 


Parallel-printer adapters 
find new use as 
instrument interfaces 


Manufacturing, design 
partnership reduces 
PC Card assembly costs 


Careful system analysis 
yields optimum IC-based 
PCMCIA power control 
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DESIGN FEATURES 


x86-processor derivatives have become so abundant that system 
developers must invest large amounts of time to determine which 
works best for their embedded PC. Key decision-making factors 
include cost, performance, longevity, and the degree of CPU inte- 
gration.—Markus Levy, Technical Editor 


An upcoming hardware-independent, smart-sensor interface stan- 
dard will allow you to connect a variety of sensors to multiple net- 
works.—Bill Travis, Senior Technical Editor 


Using converters with built-in calibration eases design of an analog 
signal chain with greater accuracy and fewer calibration-related 
components. This calibration affects what you can achieve in accu- 
racy and linearity and the hardware and software effort required. 
—Sean O'Leary, Analog Devices Inc 


The venerable parallel-printer adapter has found many uses during 

its long lifetime. Now, you can use the port as an instrument inter- 
face—for connecting a photometer and a PC, for example. 

—Dhananjay V Gadre, Inter-University Centre for 

Astronomy & Astrophysics 


The traditional nuts-and-bolts approach to socket hold-down dur- 
ing reflow soldering gives way to an easier, faster method using 
metallic solder-retent pins.—Bill Kuypers, Robinson Nugent Inc 


In designing power-management circuitry into a PCMCIA-standard 
PC Card, you face an economic trade-off between power-switch on- 
resistance and power-supply accuracy. 

—Bob Wolbert, Micrel Semiconductor 
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Your customer wants it tomorrow. 


And if you can’t do it, 


somebody else will. 


What computer system do you have? 


What you need is a total computing solution, 
Empowered Engineering from Hewlett-Packard. 
No other vendor can offer as potent a combination 
of leading-edge graphics workstations, applications, 
networking products, and consulting. And no other 
vendor can bring it all together as seamlessly, 
giving your engineering teams the collaborative 
tools they need to work faster and more creatively. 
Now you can deliver it faster, better, and at lower cost. 
If the business decisions are yours, 


the computer system should be ours. 


Kip HEWLETT® 


PACKARD 


Computer Systems 





©1995 Hewlett-Packard Company. WSG9502 


For more information on our workstation solutions: 1-800-HP KNOWS or http://www.wsg.hp.com 
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Before you go back to the same old future, 
compare it with ours. 








Modular and one-piece “monoblock” versions of 


AMP Futurebus+ connectors offer significant 
advantages in handling, production, and use. 





If the interchangeability and intermate- 
ability of the Futurebus+ standard are 
important to you, we've got news worth 
hearing: our Z-Pack 2mm FB line offers 
just what you want, at a very competitive 
price -with significant added advantages 
in production, and in the field. 

Compare it with what you may be 
specifying right now, and the differences 
are obvious. Their leads are exposed 
subject to damage during handling, 
insertion, rework, and field use. Ours are 
covered, providing protection and allow- 
ing simple, flat-rock tooling for our 
press-fit versions. Their lead organizers 
are loose, separate pieces; ours are an 
integral part of the connector body. With 
this connector, truer position means 


For more information on the ZPack 2mm FB product line, call our Product Information 
Center at 1-800-522-6752 (fax 717-986-7575). AMP, Harrisburg, PA 17105-3608. 


In Canada, call 905-470-4425. 
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easier insertion. Note that their leads 
are bent to shape. Ours are stamped in 
shape for structural strength, and use 
more metal. 

Their connectors require heat-staking, 
or—-with press-peg holddowns -high 
board insertion forces. Ours has a patent- 
ed “Cold Hold” system, with a metal 
spring barb embedded in the plastic post. 
This gives a low force fit with excellent 
strength and retention. 

And we offer one-piece “monoblock” 
styles to simplify inventory and cut manu- 
facturing effort even more. The bottom 
line: our version of the future offers you a 
whole lot more. Just give us a call. 


AMP and Z-Pack are trademarks. 
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RISC vs CISC: a dead horse 


It’s long been 
my position 
that the argu- 
ment over RISC 
MSC IS 1G 
more than a 
religious one. 
What  we’ve 
witnessed over 
the past several 
a fight among competing wP archi- 
tectures. I was reminded of this view 
recently during a presentation by 
John Bourgoin, group VP of micro- 
processor products at AMD, during 
In-Stat’s 11th 
Annual Micro- 
electronics For- 
um in Phoenix. 
Bourgoin’s focus 
was on develop- 
ing superscalar 
wPs that execute 
the x86 instruc- 
tion set. He speci- 
fically focused on 
AMD's KS proces- 
sor. I think you, 
too, will find 
Bourgoin’s points very useful the 
next time you find yourself in a “reli- 
gious debate” over processor archi- 
tectures. 

First, Bourgoin reviewed the con- 
ventional wisdom surrounding the 
RISC-vs-CISC argument. The major 
claim made by RISC advocates is that 
architectures running the x86 
instruction set will eventually run 
out of gas. This argument has several 
minor points. The first is that RISC 
instructions are “hard-wired” and 
are, therefore, inherently faster than 
CISC instructions. The second point 
is that the x86 architecture has seri- 
ous general-purpose register limita- 
tions that force excessive memory 
accesses, thus slowing program exe- 
cution. Next, some processor design- 
ers believe that the x86’s variable- 





Jesse H Neal 

Editorial Achievement Award 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 1977, 
19/6,-1975 


American Society of 
Business Press Editors Award 
1994, 1991, 1990, 1988, 1983, 1981 


In reality, x86-processor 
designers have found 
Superscalar-RISC devel- 


opments a treasure 
trove of ideas for 
improving their designs. 





length instructions are difficult or 
impossible to decode in parallel, 
making it impossible to create a 
superscalar x86. Earlier x86s also had 
clumsy and slow memory accesses. 
All of these factors make it extremely 
difficult to create a wide-issue version 
of an x86 processor, and the simplic- 
ity of RISC instructions makes it easy 
to develop superscalar RISC wPs. 

CISC-processor designers have 
ignored the impossibilities; there are 
now at least three superscalar x86 
processors: AMD’s KS, Intel’s P6, and 
NexGen’s 586. AMD’s KS, for exam- 
ple, can issue four instructions at a 
time. The KS does 
this by fetching 
x86 instructions 
from memory 
and predecoding 
them into fixed- 
length instruc- 
tions, called ROPs 
(pronounced “ar- 
ops”), executed 
by multiple exe- 
cution units. On 
average, 16-bit 
x86 instructions 
convert into 1.9 ROPs, and 32-bit x86 
instructions translate into 1.3 ROPs. 
The KS also makes use of reorder 
buffers to allow out-of-order execu- 
tion, just as RISC processors do. 

Advances in IC fabrication make 
millions of transistors available to all 
processor designers. RISC-processor 
designers use these extra transistors 
for floating-point units and bigger 
caches. CISC designers use the extra 
transistors to systematically reduce 
the number of cycles required to exe- 
cute each instruction. It all boils 
down to the ability to execute more 
than one instruction per cycle, no 
matter which side of the argument 
you're on. And, in the end, the right 
architecture is the one that gets the 
job done for you. 


dL I fh, 


STEVEN Hf LEIBSON 
EDITOR IN CHIEF 


Send me your comments via fax at (617) 558-4470. 
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When you need Sudden Information, get it on 
the Sudden Information Network from Samtec: 


°e Design assistance. 
e Product capabilities. 
e Up-to-date engineering drawings and specifications 


Internet: http://www.samtec.com 


E-mail: info@samtec.com 
Phone: 1-2O00-SAMTEC 9 
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Customizable ASSPs 
for communications 
systems 


Motorola has announced the Cus- 
tomized Standard Products (CSP) 
program to allow you to develop and 
customize application-specific stan- 
dard-product (ASSP) chips. The pro- 
gram allows you to combine highly 
integrated, predefined complex func- 
tional blocks (CFBs) with user- 
defined logic and memory. With CSP, 
you can tailor your chip design to an 
application in a gate-array or cell- 
based implementation. 

CSP is similar to VLSI Technology’s 
functional-system-block (FSB) ap- 
proach to ASIC-chip design. FSB cells 
are also application-specific, prede- 
fined blocks of complex logic that 
you can embed into a chip and then 
surround with random logic and 
peripheral blocks. Motorola’s initial 
_ offerings, however, aim directly at the 
networking and communications 
markets and would benefit from the 
company’s experience in this arena. 

The first CSP chips target commu- 
nication systems and include an 
asynchronous-transfer-mode (ATM) 
cell processor implementing ATM- 
layer functions for broadband inte- 
grated-services digital-networks ap- 
plications. Motorola plans to add 
customizable products for AIM seg- 
mentation and reassembly (SAR), 
digital TV, and high-speed-interface 
standards, such as fibre channel. 
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Motorola’s CSP design flow uses third-party tools and is sompatie with both VHDL 


and Verilog. 


The communication-specific CFBs 
will also operate in a family of ASSPs, 
part of Motorola’s MC92000 series. 
The first members of this family 
include the MC92516, a 155-Mbps 
ATM SAR controller with Utopia 
interface or synchronous-optical- 
network framer, and the MC92500, 
an ATM cell processor with Utopia 
interface ports. 


CSP-program NRE fees start at 
approximately $100,000. Actual NRE 
charges vary with the complexity of 
customization and include the cost 
of integrating user-specific logic with 
Motorola’s predefined cores, final 
chip layout, and delivery of tested 
prototype chips.—by Jim Lipman 

Motorola Inc, Phoenix, AZ. 
(602) 952-3856. Circle No. 435 
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coaneats 
analog signals 
to digital 1/0 
points 


What happens when you 
need to monitor or pro- 
vide an analog signal but 
no unused analog inputs 
or D/A outputs remain on 
your programmable logic 
controller (PLC) or PC- 





based data-acquisition 
board? The new Sensor- 
Pulse 2000 signal condi- 
tioner from Interactive 
Process Controls can come 
to the rescue. The pP- 
based 4.5X3.825-in. DIN- 
rail-mountable devices 
convert analog inputs to a 
one-wire form for driving 
PLC- and I/O-board digital 
inputs. The units can also 
convert trains of pulses 
from PLC- or I/O-board 
digital outputs to analog 





voltages or currents. 
Because you must pro- 
vide conditioning for 
most sensor signals you 
would normally connect 
to PLC or I/O-board ana- 
log inputs, SensorPulse 
often involves no addi- 
tional hardware or 
expense. The units accept 
signals from a variety of 
sources, including current 
loops and frequency 
sources, such as rotation- 
speed sensors; thermocou- 


ples, for which Sensor- 
Pulse provides cold-junc- 
tion compensation and 
linearization; and bridges, 
resistance-temperature 
detectors (RTDs), and 
potentiometers, for which 
SensorPulse provides exci- 
tation. 

One drawback of the 
SensorPulse approach, 
albeit for only a few 
industrial users, is fre- 
quency response. When 

(continued on pg 14) 
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you connect a SensorPulse 
output to a PLC digital 
input, the speed of 
response depends on how 
much the PLC filters the 
SensorPulse’s output pulse 
train. Some PLCs’ filters 
limit the data rate to 10 or 
fewer readings/sec. Data- 
acquisition boards, on the 
other hand, usually pro- 
vide little or no filtering, 
so they permit hundreds 
of readings/second (with 
the two-channel Sensor- 
Pulse, which uses a delta- 





sigma ADC; the single- 
channel unit uses a multi- 
ple-slope ADC, which 
makes up to 60 


~ readings/sec). The Sensor- 


Pulse units operate from a 
20 to 30V-dc power sup- 
ply. A single-channel unit 
costs $200, and a two- 
channel unit costs $300. 
—by Dan Strassberg 
Interactive Process 
Controls Corp, South 
Easton, MA. (508) 230- 
9000. Circle No. 436 


Distributor puts up Internet home page. 
Hamilton Hallmark’s home page provides on-line 
Hypertext links to the company’s suppliers’ Internet 
pages, application support, reference designs, 
technical articles, data sheets, and lead-time and 
pricing trends by product commodity. The home- 
page address is: ttp: WWW. 1 Be AVNET.com on 


the World Wide Web. 


1 Hallmark, 


Division of Avnet Inc, Gaver City, CA. (800) 605- 


3294. 


‘Circle No. 437 | 


BBS is back on-line 


EDN’s computer bulletin-board system (BBS) is now 
back on-line after having experienced some techni- 
cal difficulties. We apologize for any inconvenience | 
you may have experienced. To access the BBS, phone © 
(617) 558-4241 with modem settings 300/1200/2400 | 


8,N,1. 





DILBERT® by Scott Adams 


DAVE, IL HEAR THAT YOU'VE 
STARTED CUTTING YOUR 


OWN HAIR .. 
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CHIP SIMULTANEOUSLY COMPRESSES 


AND DECOMPRESSES DATA 


The single-chip AHA3410 from Advanced Hardware 
Architecture can simultaneously execute lossless com- 
pression and decompression for bitonal images. The 
chip allows high-resolution printers and copiers to print 
a page while compressing another page in the back- 
ground. 

The chip compresses and decompresses data at 25 
Mbytes/sec and handles a 100-Mbyte/sec burst data rate 
over a 32-bit bus. The speed enables the chip to process 
over 90 pages/minute at 1200 dpi on standard 8.5x11-in. 
documents. Typi- 
cal compression fa- 
tio for bit-mapped 
image data is 4-to-1; 
however, the device 
can achieve high- 
er ratios, depending 
on image-data com- 
plexity. 

The chip incorpo- 
rates scanner input 
and printer output 
for multifunction 
devices, such .as 
network printers, 
copiers, and scan- 
ners. It also provides 
a glueless interface to Advanced Micro Devices’ 28K, 
Intel’s 960, and Motorola’s 68K embedded processors in 
most printers and copiers. The chip’s lossless compres- 
sion algorithm suits high-resolution single-bit/pixel 
printer and copier applications. Production will begin in 
the fourth quarter; price is approximately $30. Samples 
are available now. 


The AHA3410 compresses and de- 
compresses data at 25 Mbytes/sec. 


—by John Gallant 
Advanced Hardware Architecture Inc, Pulham, 
WA. (509) 334-1000. Circle No. 438 


DILBERT: ©1989 United Feature Syndicate, Inc. 


I'M AFRAID I'LL HAVE TO 
DROP YOU FROM THE 
MANAGEMENT FAST- TRACK 
PROGRAM. 


LUCKY WE CAUGHT 
THAT ONE BEFORE 
HE GOT TOO FAR. 
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EMAIL: scottadams @ aol.com 
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TELCO SYSTEM 
17"W x 13.5"D x 32.5"H 
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CKMOUNT SYSTEM 
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Diversified 
Technology” 


An Ergon Co. 


Ee. are. 1-800-443-2667 
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Intel i960)F 
integrates PCI 
interface 


As the Peripheral Compo- 
nent Interconnect (PCI) 
bus grows in popularity, 
Intel and others (as yet 
unannounced) are follow- 
ing in the footsteps of 
Digital Equipment, the 
first to integrate a PCI bus 
interface directly onto a 
wP, the Alpha 21066. This 
interface allows the 21066 
to attach directly to the 
PCI bus and to function as 
both a master and a target 
PCI device. 

Intel adds its i960JF to 
PCI-to-PCl-bridge circuitry 


PROCESSOR 


TO PCI 


PRIMARY PCI BUS 


sg 


ADDRESS- 
TRANSLATION UNIT 
(DIRECT TRANSFER) 


PC] TO MEMORY 





to create one chip, called 
the i960RP, “a single-chip, 
intelligent-I/O subsys- 
tem.” The device targets 
I/O-intensive applications 
such as asynchronous 
transfer mode, redundant 
array of individual disks 
(RAID), and multiport 
Ethernet. Although you 
can use a PCI-to-PCI 
bridge chip to connect a 
PClI-based I/O subsystem 
to any host system’s pri- 
mary PCI bus, these bridge 
chips are relatively unin- 
telligent. However, adding 
a processor to this bridge 
allows that processor to 
handle incoming and out- 
going data, instead of 
immediately passing it to 


the host CPU. This 
approach reduces inter- 
rupts to the host CPU 
and, therefore, enhances 
overall system perfor- 
mance. 

The PCI interface on 
the i960RP bridges the pri- 
mary and secondary PCI 
buses. This approach 
allows the primary bus to 
be the system bus of the 
host platform and the sec- 
ondary bus to connect as 
many as 10 PCI peripheral 
devices, assuming each 
device represents only one 
load. To avoid the need 
for an external arbiter, the 
i960RP includes a PCI bus 
arbiter and associated 
request/grant pins, which 


LOCAL MEMORY 


MEMORY 


CONTROLLER 


80960RP 
PROCESSOR 


80960 LOCAL BUS 


DMA 
(INDIRECT 


DMA TO PRIMARY PCI 


TRANSFER) 


PROCESSOR 
TO PCI 


ADDRESS- 
TRANSLATION UNIT 
(DIRECT TRANSFER) 


PCI TO MEMORY 


DMA TO SECONDARY PCI 


| PCI-TO-PCI BRIDGE | 


support up to six masters 
on the secondary PCI bus. 
The i960RP also has an 
internal local-bus-arbiter 
unit (LBAU) that controls 
the bus mastership of the 
i960’s local bus. The LBAU 
allows the i960RP’s two 
integrated DMA units to 
take ownership of the 
local bus while the i960RP 
passes data or code 
between the primary or 
secondary side of the 
bridge and the i960RP’s 
local memory. While 
moving the data, the 
DMA units use on-chip, 
64-byte FIFO buffers to 
reduce latency and 
increase throughput. The 
(continued on pg 18) 


SECONDARY PCI BUS 


a 





The i960RP bridges data transfers between the primary and secondary PCI buses and performs direct and indirect data trans- 
fers between the primary or secondary PCI buses and the local bus. 
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Get asample of reality. 


Looking for analog confidence in a digital High-end digital features. Each model 
oscilloscope? Tektronix’ TDS 350 sets the features over 20 automatic measurements. 
standard with Digital Real Time. m Its Continuous update for hands-free oper- 


incredible one gigasample / 

second sampling delivers real- 

life capture like never before — 
both for single shot 
or repetitive events. 


_cavrune, Select peak detect 
CAPTURE USING 


EQUIVALENT 


timeSameunc. fOr Slow events, or 


20 MS/s 
100 MHz DSO. 


push the scope to 








its full 200 MHz - 
bandwidth — while me 
REAL LIFE 
CAPTURE. + es eee ° 
Sincieevent = minimizing aliasing. @ And, ation. Four acquisition modes and video 
DIGITAL REAL 
TIME. 500 MS/s : : 3 . f ‘ “ 
1oomHz dso. like the entire TDS 300 family, trigger—perfect for tailoring the display. 
the TDS 350 sets a new standard in And a communication option for hardcopy 
price/performance. There’s a TDS 300 Series scope for every to most printers, or to 
application. And every budget. 
Analog look and feel. send/ receive wave- 


FEATURES TDS 310 TDS 320 TDS 350 


The TDS 300 family is forms and setups. 


simple and intuitive; Get real. For more 
real-time benefits of 


the TDS 300 family, 


just like your trusty 


analog scope. Even the 





digital interface is sim- call your authorized 





plified with on-screen Tektronix distributor 
icons. You may never have to crack open today. Or call Tektronix at (800) 479-4490, 


the instruction manual! action code 301. Tektronix 


DPW-500635 
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PC]I-to-PCI bridge also 
contains dual 64-byte 
buffers to support both 
downstream (primary-to- 
secondary) and upstream 
(secondary-to-primary) 
transactions. 

The i960RP also 
includes a memory con- 
troller that supports up to 
256 Mbytes of extended- 
data-out or fast-page 
DRAMs, an interrupt con- 
troller, and an [?C inter- 
face. In RAID applications, 
the I?C interface can 
transfer power- and tem- 
perature-monitoring 
information. 

Many third-party and 
in-house development 





tools, including real-time 
kernels, C compilers, and 
emulators, support the 
i96ORP. Intel is also work- 
ing with several software 
vendors to provide drivers 
for the i960RP’s targeted 
applications. The i960RP 
sells for $57.50 (1000) and 
will be available in the 
first quarter of next year. 
—by Markus Levy 
Digital Equipment 
Corp, Maynard, MA. 
(S08) 568-6868. 
Circle No. 439 
Intel Literature 
Center, Mount Prospect, 
IL. (800) 468-8118. 
Circle No. 440 





BME | Our tn Front 


DUAL INSTRUMENTATION-AMPLIFIER 
IC REDUCES SIZE, COST 


For multichannel data-acquisition systems, Burr- 
Brown’s INA2128 puts two instrumentation amplifiers 
into a single 16-pin package (DIP and SOIC). Each 
channel provides a three-op-amp configuration with 
on-chip, laser-trimmed resistors and consumes 600 
wA. An external resistor sets gain from 1 to 10,000; 
bandwidth is 200 kHz at a gain of 100 and 700 kHz at 
a gain of 10. The device can withstand inputs up to 
+40V with or without power applied. The device fea- 
tures a maximum offset voltage of 50 pV, an offset 
voltage drift of 0.5 wV/°C, and an input-bias current of 
5 nA. It operates from a +2.25 to +18V supply and costs 
$5.60 (1000).—by Bill Schweber 
Burr-Brown Corp, Tucson, AZ. (800) 548-6132. 
Circle No. 441 


CHIP SET SERVES WIRELESS APPLICATIONS 


A family of RF ICs from Tele- 
funken comes in small-outline, 
surface-mount packages, easing 
wireless design for Advanced 
Mobile Phone Service, Global Sys- 
tem for Mobile, and wireless-LAN 
applications. The chip set includes 
three ICs for the transmit path, 
two for the receive path, and a 
PLL frequency synthesizer. 

On the transmit side, the 
U2795B double-balanced mixer 
operates as an up-converter or a 
down-converter from 50 MHz to 
2.5 GHz and is useful in dual-con- 
version applications. Another IC, 
the U2793B, functions as a quad- 
rature IF modulator for operation 
from 30 to 300 MHz. Sideband 
suppression is 45 dB at 150 MHz. 
The U2790B, a direct-conversion 
quadrature modulator, operates at 
100 to 1000 MHz; output power is 
-1 dBm, and power consumption 
is 150 mW. 

For the receive channel, the 
1000-MHz U2791B quadrature 
demodulator works with the 
U2796B, a 2-GHz down-conver- 
sion mixer, which has gain and 
noise figures of 9 dB each. For 
either transmit or receive, the 
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U2781 PLL operates to 1.1 GHz; a 
three-wire bus operating at up to 
500 kHz controls the U2781’s pro- 
grammable prescaler and other 
functions. 

All devices operate from a nom- 
inal 5V supply, and some can also 
use a 3V supply. Current con- 
sumption ranges from 5 to 28 mA, 


depending on device; where 
appropriate, the ICs include a 
power-down mode. Prices range 
from $2.25 to $5.75 (10,000). 

—by Bill Schweber 

Telefunken Semiconductors 

(Temic), Santa Clara, CA. (800) 
554-5565, ext 57. Circle No. 442 


Two RF ICs for Rx 


Antenna 


-U27938 


| VQ Modulator 


IF Modulator 


Down Converter 


U2795B 


LP Converter 





A family of RF devices from Telefunken for wireless-phone and -LAN applications 
includes three ICs for the transmit path, two for the receive path, and a PLL syn- 


thesizer. 


For 10-Bit, 20 MSPS ADCs, 
We Just Raised The Standard 
And Lowered The Price. 


$15 


$10 


1,000 pcs 
Introducing the ideal high-performance A/D 


converter for low-power, low-cost applications. 


Our new AD876 is a 10-bit, 20 MSPS, sam- 
pling ADC with +5 V operation. It provides 
the speed, resolution, dynamic performance, 
and mass market cost structure required for 
popular video, multimedia, imaging, communi- 
cations and instrumentation platforms. 


$5 Less In 1000’s. With volume prices starting 
at just $9.95, the AD876 costs up to 1/3 less 
than other 10-bit ADCs in the 20 MSPS range. 
For any volume you need, from a thousand to 
a million, no other ADC offers the price/perfor- 
mance of the AD876. ; 


Improved Battery Life. At just 160 mW, the 
AD876 consumes a fraction of the power of 


The AD876 and 

AD8011 op amp 
AD8011 are ideal for low- 
cost, low-power 

applications. 





other high-speed converters. A stand-by mode 
that lowers the power to a mere 50 mW and 
single-supply operation combine to make the 
AD876 your best choice for battery-powered 
applications. 








5,000 pcs 


$9.95*or less 


10,000 pcs 


You’ve Got Options. Need to migrate to or from 
an 8-bit architecture? We offer an 8-bit version 
that will give you that flexibility. Need digital 
I/O options? 





CCD You can inter- 
Image Sensor face to either 
+5 V or +3.3 V 


logic and utilize three-state output control. 
Need packaging alternatives? You can choose a 
low profile, 48-pin surface-mount TQFP, or a 
28-pin SOIC. 


Why Overpay? For samples, evaluation board or 
technical information, call the number listed 
below, or fax your request to 617-821-4273. 
For data sheets only, dial the number 
listed below and enter faxcode 
#1838 when requested. For a 
data sheet on our 1 mA, 

300 MHz AD8011 op amp 
use Faxcode #1863. 








For samples, technical information, 
call 1-800-ANALOGD (262-5643).' 


For data sheets, dial AnalogFax™ 
at 1-800-446-6212. 


ANALOG 
DEVICES 


Analog. Digital. Solutions. 





Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
Distribution, offices and application support available worldwide. 


* USD 1,000s, recommended resale, FOB U.S.A. 





t Outside U.S., please call 617-461-3392. 
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NEW EDA ALLIANCES ABOUND 


The past few months have seen a plethora of partnering 
agreements among vendors to bring customers faster 
and better design tools and systems. Many of these 
efforts aim at broadening either the capabilities of tool 
suites or increasing their ability to operate with stan- 
dardized data formats or other tools. 

In one such agreement, Hewlett-Packard Co and 
Viewlogic Systems have announced joint support of 
interfaces that integrate HP EEsof’s high-frequency sim- 
ulation software with Viewlogic’s Powerview and 
Workview design environments for Unix and PC plat- 
forms, respectively. The combination enables you to 
design a system, including RF baseband analog and dig- 
ital circuits, on one electronic-design-automation 
(EDA) system using one database. This capability should 
speed system-design time. 

Viewlogic has also strengthened its partnership with 
pc-board design-tool supplier PADS. The companies 
intend to integrate the design of IC and pc-board por- 
tions of a system into a common design environment 
and to create system-design standards for the electron- 
ics industry. The bond also gives Viewlogic a stronger 
position in the Vendor Integration Alliance (VIA) pro- 
gram, which PADS developed to combine its pc-board- 
design systems with third-party tools for analysis, 
mechanical CAD, test, and manufacturing. 

HP EEsof, Westlake Village, CA. (818) 879-6200. 

Circle No. 443 

PADS Software, Marlborough, MA. (508) 485- 
4300. Circle No. 444 

Viewlogic Systems, Marlborough, MA. (508) 480- 
0881. Circle No. 445 

Two Silicon Valley companies, CrossCheck Technol- 
ogy and Silicon Valley Research (SVR), plan to develop 
an interface to integrate SVR’s GARDS place-and-route 
tool with ArrayTest, CrossCheck’s embedded technolo- 
gy for gate-array test-pattern generation and debugging. 
The combination speeds physical layout and testing of 
gate-array designs. CrossCheck also claims that 
AtrayTest achieves 10 to 15% higher gate utilization 
than chips using traditional scan techniques for testa- 
bility, making more efficient use of the silicon area. 

CrossCheck Technology, San Jose, CA. (408) 432- 
9200. Circle No. 446 

Silicon Valley Research, Mountain View, CA. 
(415) 962-3000. Circle No. 447 

Acknowledging the rising role of DSP components in 
digital chips, Alta Group of Cadence Design Systems 
and DSP Group have simplified DSP-system design. Alta 
Group, a vendor of high-level EDA tools, has placed 
instruction-level models from DSP Group’s core DSP 
technology into Alta’s electronic-systems-design- 
automation products. The combination provides a 
common specification for designing, partitioning, and 
verifying DSP systems’ hardware and software compo- 
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nents. The combination also lets you determine early in 
the design whether the hardware and software are 
behaviorally compatible before silicon is available for 
testing. DSP Group’s PineDSPCore and OakDSPCore 
models and interface products work with Alta’s Hard- 
ware Design System and will be available in the third 
quarter. 
Alta Group, Foster City, CA. (415) 574-5800. 
Circle No. 448 
DSP Group, Santa Clara, CA. (408) 986-4300. 
Circle No. 449 
Two other companies, Eonic Systems and VLSI Tech- 
nology, have agreed to design real-time development 
tools. The first product will port Eonic’s Virtuoso Nano 
to VLSI’s PineDSPcore with technology licensed from 
DSP Group. Virtuoso Nano provides a multitasking pro- 
gramming model without the overhead of an operat- 
ing-system kernel. The tool is especially useful in imple- 
menting the asynchronous data flows in DSP 
applications. Both companies will probably address DSP 
Group’s Oak core with future efforts. Eonic also intends 
to port more of its software-development products to 
other VLSI DSP cores. 
Eonic Systems, Silver Spring, MD. (301) 572-5000. 
Circle No. 450 
VLSI Technology, San Jose, CA. (408) 434-3000. 
Circle No. 451 
Escalade and Model Technology, a Mentor Graphics 
company, have signed an agreement to give Escalade 
the rights to provide Model Technology’s V-Sys- 
tem/VHDL simulator as part of Escalade’s DesignBook 
tool suite. DesignBook lets you capture your design by 
a variety of graphical and hardware-description-lan- 
guage methods. You can then simulate the design with 
the V-System/VHDL tool, speeding debugging and ver- 
ification. DesignBook also lets you enter constraint 
information and create code for a targeted synthesis 
tool. When released this year, DesignBook provided an 
interface to the V-System/VHDL simulator. The agree- 
ment between Escalade and Model Technology pro- 
vides a more integrated system for high-level design 
automation. 
Escalade, Sunnyvale, CA. (408) 481-1300. 
Circle No. 452 
Model Technology, Beaverton, OR. (503) 641- 
1340. Circle No. 453 
Although not strictly a partnering deal, Epic Design 
Technology’s intent to buy Archer Systems, a developer 
of RC-extraction tools, is worth noting. Epic’s new 
RailMill product, which helps you find electromigration 
and voltage-drop problems in a chip design before it 
goes to silicon, uses a modified version of Archer’s Arca- 
dia. Epic plans to sell Arcadia as a stand-alone layout- 
extraction tool and to use it in other tools to provide 
enhanced extraction capability.—by Jim Lipman 
Epic Design Technology, Santa Clara, CA. (408) 
988-2997. Circle No. 454 





Every Nichicon capacitor and ~ 
positive thermistor comes to you with 
a powerful internationally recognized 
symbol of our quality commitment. 
Because everthing we make — 
from the world’s smallest surface 


mount chip capacitor through our 


powerful 1-farad computer grade can 


capacitors have been manufactured 
in one of our worldwide facilities 
whose quality management and quall- 
ty assurance systems have earned 
either 1IS0 9001 or (SO S0Uec 
Certification. 

Choose from over 100 series of 
aluminum electrolytic, tantalum elec- 
trolytic and plastic film capacitors. 
Plus “Posi-R™” positive thermistors 
for overcurrent protection, thermal 


protection and color TV degaussing. 


talk to your Nichicon representative, or call _ 
- (708) 843-7500. Or fax (708) 843-2798. 
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More product 
dispatches 
from DSPx 


Among the product intro- 
ductions from last 
month’s DSPx signal-pro- 
cessing conference and 
exhibition are the Math- 
Works DSP block set for its 
Signal Processing Toolbox 
and Simulink develop- 
ment package, which is 
based on the company’s 
Matlab computing envi- 
ronment. Simulink lets 
you quickly explore alter- 
native algorithms by 
assembling system block 
diagrams from predefined 
and custom building 
blocks. Once you refine 
your algorithm or system, 





Simulink generates C 
source code for incorpora- 
tion into hardware. The 
$395 DSP block set runs 
on PCs and Macintosh 
computers and adds com- 
mon DSP functions to 
Simulink. Matlab, 
Simulink, and the Signal 
Processing Toolbox cost 
$1695, $1995, and $395, 
respectively. 

The MathWorks Inc, 
Cambridge, MA. (508) 
653-1415. 

Circle No. 455 

DSP Software Engineer- 
ing introduced Voice- 
Wave, a proprietary, multi- 
rate, speech-compression 
algorithm that provides a 
4-kHz channel bandwidth 
using 4.8- to 13.2-kbps 
digital bit streams. The 


BME | Our in Front 


company claims that this 
scheme maintains high 
speech quality at lower bit 
rates than do other 
schemes. The algorithm 
requires relatively little 
processor bandwidth; the 
decoder requires only 2 
MIPS. Two full-duplex 
voice channels can run on 
a 60-MHz TMS320C32 
DSP p»P using less than 8 
kbytes of external memo- 
ry. The company negoti- 
ates software licenses for 
this technology individu- 
ally. 

DSP Software Engi- 
neering Inc, Bedford, 
MA. (617) 275-3733. 

Circle No. 456 

Pentek introduced two 
VME cards for embedded 
systems: the Model 6472, 


a dual 70-MHz A/D con- 
verter board, and the 
Model 4273, a time-code- 
reader/generator card. The 
$7995 high-speed A/D 
converter is especially use- 
ful for implementing digi- 
tal receivers. Digital 
receivers can discriminate 
narrow bandwidths at 
high frequencies. For 
example, you can look at 
a 1-MHz slice in the 20- to 
21-MHz region. The 
$2495 time-code- 
reader/generator employs 
daughtercards that can 
decode IRIG B, 2137, XR3, 
and NASA 36 time codes. 
—by Steven H Leibson 
Pentek Inc, Norwood, 
NJ. (201) 767-7100. 
Circle No. 457 


PCMCIA zoom video 
gains backing 


Support is growing for a proposed 
zoom-video (ZV) PCMCIA standard 
that will allow a 27-Mbyte/sec video 
connection from a PC Card toa 
computer’s display controller. Note- 
book computers that implement the 
standard will likely debut at 
Comdex in November, giving note- 
book users a foundation for desk- 
toplike video applications, includ- 
ing video playback and 
conferencing. 

The ZV connection bypasses the 
regular PCMCIA bus and sends 
video data directly to a computer’s 
video frame buffer. The PCMCIA 
bus remains available for simultane- 
ous transfers of other types of data 
(with some limitations) between the 
computer and a plugged-in PC 
Card. In theory, a ZV-capable PC 
Card in a ZV-capable computer can 
contain both a video application, 
such as a Moving Picture Experts 
Group (MPEG) decoder, and anoth- 
er function, such as a fax/modem. 

ZV mode redefines 21 pins of the 
PCMCIA interface, including 18 of 
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26 address bits. Digital YUV video 
uses 19 of the redefined pins, and 
digital audio uses the other two. Of 
the 19 video pins, 16 carry video 
data, and the other three provide 
horizontal and vertical sync and a 
pixel clock. ZV mode does not use a 
PC Card’s normal control, status, or 
data bits, but it does use 4 address 
bits and reserves use of 4 more bits. 
Consequently, simultaneous opera- 
tion in ZV and conventional PCM- 
CIA modes places some restrictions 
on addressing. In ZV mode, use of 
only 4 address bits limits direct 
addressing to 16 bytes, but auto- 
incrementing pointer registers allow 
wider, indirect addressing. 

ICs that implement ZV are in 


development and are scheduled for 
sampling within the next three 
months. In one collaborative effort, 
Databook, a developer of PCMCIA 
socket-controller ICs and system 
software, is working with Chips & 
Technologies (C&T), the market 
leader in flat-panel controllers. 
Databook is developing the TCIC-3 
series of ZV-capable socket-con- 
troller ICs; C&T is developing a dis- 
play chip that includes both video 
capability and a ZV port. The two 
companies will jointly market the 
new components.—by Gary Legg 
Chips & Technologies, San Jose, 
CA. (408) 434-0600. Circle No. 458 
Databook Inc, Ithaca, NY. (716) 
292-5725. Circle No. 459 


VIDEO-COMPRESSION CHIP SET DELIVERS 


8.2 BILLION INSTRUCTIONS/SEC 





The Image Compression Coprocessor (ICC) and Motion Estimation 
Coprocessor (MEC) two-chip video-compression chip set from Array 
Microsystems suits a range of digital-video-compression applications. Video 
applications include conferencing, authoring and editing, playback, and 
distribution. The chip set provides a programmable video-compression 
processor for multimedia systems implementing the Joint Photographic 


(continued on pg 24) 





Turn yourself on... 


to on-line, real-time technical assistance and product sourcing. 


iam for on-line designs, 





With HAMILTON HALLMARK’S new home page on the Internet Worldwide Web — the only address on the 
technical assistance, plus product sourcing in real-time. 


Design engineers can dial up Hamilton Hallmark’s home page 24 hows a (alj, 7 dal @ Weel to access valuable information such as reference designs, application notes and 
product cross references. Receive on-line design advice from the staff of experienced design engineers at our TECHNICAL SUPPORT CENTER (TSC), experts in 
microprocessors, data acquisition, embedded controllers, programmable logic and much more. 


Or, tap into our engineers’ research tools: e Product data sheets e Product catalogs on CD-ROM e The IC Master Catalog e A comprehensive technical library with over 170 trade and 
technical journals e The TSC newsletter, featuring articles on designs built with products from the Hamilton Hallmark line card e Ready-made technical presentations 


Hamilton Hallmark’s new home page also offers the latest way to surf and source on the information superhighway. It provides access to industry lead-time and pricing trends 
by product commodity via Hamilton Hallmark’s product planners and market barometers. 


Now there’s one, instant and up-to-date source for information that eliminates costly, time-consuming research, expedites information exchange, and helps 
you get product to market faster -HAMILTON HALLMARK’S home page. SO BOOT UP AND LOG ON. Because if ak is power, you need a power tool. 
For more information on Hamilton Hallmark’s home page services, call us toll-free at 1-800-605-3294, ext. H108, or on the i T: 





http://www.tsc.hh.avnet.com 


Fe eisai 


An Avnet Company 


4 We take you to the leaders. 
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Experts Group (JPEG), Moving Pic- 
tures Experts Group (MPEG) 1, and 
H.261 standards. 

With a computing power of 8.2 
billion operations/sec, the chips let 
you construct a multistandard, real- 
time, 30-frame/sec, video-compres- 
sion codec. The chip set can also 
quickly switch compression algo- 
rithms. The devices store input, out- 
put, and scratchpad images in 
DRAMs or VRAMs connected to 
video buses. For example, with 12 
Mbits of memory, the chip set sup- 
ports JPEG encoding or decoding of 
full-resolution CCIR-601 (720 480- 
pixel) images, simultaneous H.261 
encoding and decoding of CIF 
(352 X288-pixel) images, or full 
MPEG 1 encoding and decoding of 
SIF (352240-pixel) images, all at 
30 frames/sec. 

The chip sets employ the compa- 
ny’s Videoflow vector data-flow 
architecture, which differs from pP- 

Style, program-counter-based 
designs. The architecture simultane- 
ously controls multiple asynchro- 
nous processors and uses multiple 
processing units that connect 
through a global bus. A data-flow 
controller controls the global bus 
via simple vector instructions. Vec- 
tor instructions also allow you to 
write programs in days. 

Software- and hardware-develop- 
ment tools are available for the 
ICC/MEC chip set. The a77800 soft- 
ware support tools for digital-video 
applications comprise a Unix-based 
flow-graph editor, an ICC/MEC sim- 
ulator, an assembler/linker, video- 
analysis utilities, and a C-compiler 
for the onboard RISC engine in the 
MEC. The C compiler lets program- 
mers create their own motion- 
search algorithms. The software 
tools come with baseline programs, 
which users can modify, for encod- 
ing and decoding of MPEG, motion- 
JPEG, and H.261 algorithms. 

The a77500 hardware tool com- 
prises a VESA/ISA bus-expansion- 
slot demonstration board with 
National TV Systems Committee 
and phase-alternation-line video 
inputs and outputs. The board 
implements real-time encoding and 
decoding of all algorithms by using 
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the ICC/MEC chip set. The a77800 
software tools and a77500 demon- 
stration tool cost $9500 each or 
$14,950 for both. The chip set costs 
$150 (OEM).—by John Gallant 

Array Microsystems, Los 
Gatos, CA. (408) 399-1505. 

Circle No. 460 


Core-logic chip set 
for high-performance 
workstations 


Acer Laboratories has introduced a 
family of core-logic chips for servers 
and workstations that use the Pen- 
tium, KS, or M1 wPs. The Genie 
chip set suits multiprocessor appli- 
cations on file servers and high-per- 
formance workstations. It uses the 
MESI cache protocol, integrated 
ECC, and optimized I/O. 

The Genie’s 1600 core-logic chip 
set comprises three highly integrated 
chips that use an architecture that 
balances I/O and CPU performance 
for high throughput. The chip set 
features a 264-Mbyte/sec memory 
bandwidth and as much as 1-Gbyte 
direct-memory addressing. Although 
designed for high-end workstations 
and servers, the device also works in 
Windows 95 desktop workstations 
or dual-processor workstations for 
Windows NT and OS/2. 

The heart of the chip set is the 
company’s 64-bit, concurrent, per- 
formance-enhanced I/O and CPU 


CALENDAR OF UPCOMING EVENTS... 


June 27 to 29 


july 10 to 14 


690-1460. 
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VMIC Conference, Santa Clara, CA, covers conductor and dielectric 
systems and parasitic and noise evaluations. Dr Thomas Wade, Uni- 
versity of South Florida, Tampa, FL. (813) 974-4779. 


‘95 Practical Aspects of Analog and Mixed-Mode Design, Portland, 
OR. This five-day intensive course focuses on the practical aspects of 
modern analog and mixed-mode IC-design techniques and systems. 
Topics include transistor-level circuit design, circuit-design methods, 
and shielding techniques for analog and mixed-mode ICs. Oregon 
Center for Advanced Technology Education, Beaverton, OR. (S03) 
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architecture (PICA). The architecture 
allows for concurrency between all 
CPUs and Peripheral Component 
Interconnect (PCI) I/O devices, 
allowing system throughput to 
increase linearly as CPU perfor- 
mance increases. On-chip ECC pro- 
vides memory protection. 

The M1601 MESI cache controller 
supports single or multiple proces- 
sors. The controller integrates a 
processor-bus controller, a dual-port 
tag RAM, a Level 2 MESI cache con- 
troller, a high-speed buffer, a host- 
memory arbiter, and a host-bus con- 
troller. True bus concurrency 
achieves a balanced performance 
between the processor subsystem 
and the I/O subsystem. 

The M1609 provides DRAM con- 
trol and PCI bus bridge functions. 
The M1609 integrates a DRAM con- 
troller; ECC/parity circuits; an I/O 
controller; a 256-byte, write-back 
I/O cache; PCI bus-interface circuits; 
and memory-bus circuits. 

The M1513 ISA/PCI interface con- 
troller includes an integrated bus 
controller, a PCI prefetch, and an 
on-chip PCI bus arbiter with fixed 
or rotating priority schemes. For 
EISA applications, the Genie can use 
an external EISA chip instead of the 
M1513. The three-chip set costs $55 
(1000/month). 

—by John Gallant 

Acer Laboratories Inc, San 
Jose, CA. (408) 433-4950. 

Circle No. 461 
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BURR - BROWN® 


Low Cost Plus Low Power 
aes Op Amps 

OPA650 and OPA2650 are single and dual SpeedPLUS, unity gain, 
voltage feedback op amps. OPA650, the single, delivers 560MHz 


bandwidth and a 12-bit settling time of 20ns, while only dissipating 
S0mW of power. Both operate on +5V and +10V supplies. 


OPA650 and OPA2650’s voltage feedback design offers a true 
differential input stage—ideal for easy implementation—for all 
amplifier, differential amplifier and active filter designs. And, their 
high speed, low power, and low cost make them ideal for video, 
medical imaging, communications, and portable applications. 


OPA650 and OPA2650 come in 8-pin DIP and SOIC packages and 
are specified over the —40/+85°C temperature range. 


OPA650 key specifications: 





el SL CU 7 | I le een A recap OSS BRON eure Oe maanrtae 50mW 
BAR WIGUE siosca cocci ecosss0c sco sc Sa pReatt SG ee eee ene a 560MHz 
PREIS isi ic cuidngce dasthahes sx anita toy eae tance baa cans Laas —/7dBc at 5MHz 
oT fi Cc 111 SU ei He ReRMICR ES, Rail tiie aa spl Desde 20ns to 0.01% 
PHBE DiaB-GLITGRE A SO Eee Aaa MAS ole SUA 
Differential gain/pPhaSe @rrOr oo... cece ceeeeecesseeseseeseeeeens 0.01%/0.03° 


OPA650 is priced from $1.95 in 1000s; OPA2650 from $3.45. 
Circle No. 205 
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PGA206 and PGA207 are precision, monolithic, digitally controlled 
instrumentation amplifiers. PGA206 digitally selects gains of 1, 2, 4, 
8V/V; PGA207 has gains of 1, 2, 5, 10V/V. Both are ideally suited for 
multiplexed-input data acquisition systems. 


Fast and Accurate 


PGA206 and PGA207 give you what you need—speed and accuracy. 
Their settling time of 3.5ys to 0.01% allows fast multiplexing of many 
channels, while gains are accurate to 0.05%. FET inputs eliminate 
errors due to multiplexer series resistance. And, they’re cheaper and 
easier to design-in than “do-it-yourself” circuits. PGA206 and PGA207 
are available in 16-pin DIP and SOL-16 surface-mount packages. 

















World’s First Dual Instrumentation Amp 


INA2128 is the first dual instrumentation amp—each comprised of three 
precision op amps and laser-trimmed resistors—all on a single chip. It’s 
a low power, general purpose IA that delivers excellent accuracy. 


Saves Space, Power, and $$$ 


INA2128 saves space, power, money...and most importantly, your time. 
It operates from power supplies of +2.25V to +18V and total quiescent 
current is only 1.2mA—ideal for battery operated systems. Internal 
input over-voltage protection withstands up to +40V without damage. 
Gain of each amp is set from 1 to 10,000 with a single external resistor. 
With two IAs in a “space saving” 16-pin DIP or SOL-16 surface-mount 
package, it’s an unbeatable choice for multi-channel signal acquisition 
applications. INA2128 is available in 16-pin DIP and SOL-16 surface- 
mount packages and specified for the -40/+85°C temperature range. 


INA2128 key specifications: 


OffsehvGiate 52 iia oo oa ee 50uV max 
Drift. ee a Sa see eee pp 0.5uV/°C max 
Input Bigs: Current on ee eo ee ea 5nA max 
Bae ice; G.cceurcskein tentest eaves cts a 700kHz (G=10) 
POWER SUNY os oe se ee a +2.25V to +18V 
QUIESCENT CURTONT iiss cccodocianccasioens sta cee ee 1.2mA 


INA2128 is priced from $6.40 in 1000s _—‘ Circle No. 206 


New High S oe een Gain Amplifiers 


PGA206/PGA207 key specifications: 
Settling time........ 3.5us (0.01% all gains) 
Digitally programmable gain 


Circle No. 207 





PIN ns pocscl steel icons dosnbians 1, 2, 4, 8V/V 
PMP T sci kee cies scosceuarsieneeBes 1, 2, 5, 10V/V 
NOM HPAGRI pec mstecnsincesntinecetigars 0.002% 
Input bias Current .......... 100pA 
Offset voltage................ 1.5mV (all gains) 


PGA206 and PGA207 are priced from $8.90 in 1000s 


Burr-Brown Corporation e P.O. Box 11400, Tucson, AZ 85734-1400 « Call (800) 548-6132 or FAXL/NE (800) 548-6133 
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Isolated Differential Bus Transceiver 
is RS-485/RS-422 Compatible 


1S0485 is a differential isolated bus transceiver that uses capacitively- 
coupled isolation technology to achieve high speed and low cost bus 
isolation. Designed for bi-directional data communication on multi- 
point bus transmission lines, it meets EIA standard RS-485 and 
RS-422 requirements. Its capacitive isolation barrier, capable of 
withstanding 1500Vrms, greatly reduces current spikes and makes 
1$0485 ideal for use on long bus lines in noisy environments. 


Simple and Easy 


1$0485 eliminates the need for high current-consuming opto-coupler 
solutions, and simplifies connection to an RS-485 bus by using a 
Single device. IS0485’s 3-state differential line driver and differential- 
input line receiver both operate from a single 5V power supply. 
1$0485 is available in a single-wide 24-pin DIP and is specified 

over the —40/+85°C temperature range. 


1S0485 key specifications: 
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POWGE Aes ore it) Baan ee hee ee 180mW typ GMbits/s). 
ISOIATON VOHAGG oc iccecescsccscgnaonsscaeceiucedsleceeh tan Bat anes 1500Vrms Voltage Feedback Op Amp 
Data Tae. AAS isos a ee a aaa 35Mbits/s OPAGS1 is a new SpeedPLUS, low power, wideband voltage feedback 


Op amp—it’s decompensated for stability in gains of 2 or greater. Its 
low 50mW power dissipation combined with 940MHz gain bandwidth 
product makes OPA651 your low cost choice for video, medical 
imaging, communications, multi-channel, and other high speed 
applications. 


OPA651 is available in 8-pin DIP and SO-8 packages and is specified 
over the —40/+85°C temperature range. 


OPA651 key specifications: 


BUS TRANSCEIVER 
35 Mb/s 


° 1500Vrms Isolation \ Heed gia PERG IIS PSY ea par 
isos 7 SRR Ogee Sn cen His ers Acne a | z at G= 

© RS-485 and RS-422 canon PAPER OS ose siuscsetecns i site iss aa au ee vss —78dBc at 5MHz 

SEER ING 6205 occccaseanéssuteccteieea Depots teen 16ns to 0.01% 

Input Dias current...cc.0.. cee 4uA 

Differential gain/Phase ErrOK oo... cece eeeeeseeseessesseeeeeees 0.01%/0.025° 


OPA651 is priced from $1.95 in 1000s. Circle No. 209 








Low Cost, 12-Bit CMOS A/D Features 600kHz Sampling  circie no. 210 


ADS7831 is the latest addition to our high performance ADS Family. ADS7831 key specifications: 
It’s a full-function device, complete with clock, sample/hold, +2.5V 








; Sampling rate... 600kHz min 

reference, parallel microprocessor interface, and three-state output SEDR 778 
drivers. ADS7831's 600kHz sampling rate is ideal for the communica- | 5 reer ereteseeeensseennesnnsess 

tions industry—use it in HDSL modems and cellular base stations. THD. sssssssssseettsssssseeeeeetteesseteeetin ~770B 

Performance and Low Prices! POCO OF ais caciiryic nd lsbdebgavaquudds Sg 12 bits 

: SUNPUD saisennidsitis eit attendee: 69dB min 

ADS7831 delivers outstanding performance at a low, low price. INL ee 

Dynamic performance is excellent, with SFDR exceeding 77dB and ONL se oe a ag ait Te i LSB max 
THD better than —77dB at 250kHz. It’s also a cost effective solution p 6 i ar aege nS NZ 97 W 

for transient recorders, waveform/spectrum analyzers, and data OWer CISSIPAtlON ............... vomW max 


acquisition boards. It’s available in 28-pin 0.3” DIP and SOIC packages. ADS$7831 is priced from $11.90 in 1000s. 
Burr-Brown Corporation e P.O. Box 11400, Tucson, AZ 85734-1400 « Call (800) 548-6132 or FAXL/NE (800) 548-6133 
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16-Bit D/A with Serial Data Interface 


DAC714 is a 16-bit monolithic D/A complete with internal reference, 

programmable output, and serial interface. Its serial digital interface 

is fast, 50ns; and, it supports 100MHz data rates and serial data out- 
put for cascaded serial bus connections. 


Ideal for Industrial Applications 


DAC714 was designed and specified for industrial applications. It offers 
important advantages to customers involved with ATE equipment, 
analog I/O boards, robotics, process controllers, and similar designs. 


Beats the Competition 


DAC714 beats the competition in price, power, and package size. 
It’s packaged in a 16-pin, “skinny” 0.3in. DIP—half the size of our 
competition! Power dissipation is a low 600mW, and prices are 
lower, too! Specified over the extended industrial temp range, it’s 
also available in a 16-lead SOIC package. 


DAC714 key specifications: 


PRE isc hs sok epi Vay Lane hares usd ban eens 16-bits 
OT Nice acted iond ssa caseains Anndvaas shannon ssaneees 10us (max) 
| LOGE sigs Fp Se sa SBIR ests Oat ae EN eet tt opm Ree Er 13 bits and 14 bits 
(AT 01 Aa AR ae apy ets eer Wren net eS Cody +12V to +15V 
Power dissipation y.. icighs. sits enero geuenae 600mW max 
MAIO OLE oo orc. Sait ccc urales dccancncndal aeeiv ques vantueredemea ae +10V 


DAC714 is priced from $13.00 in 100s. Circle No. 211 








“NEW 
Frerilan + FET-Input Op Amp Family 


Our new OPA131 family of precision, FET-input op amps delivers 
excellent overall performance for general purpose applications. ..and, 
for a great price, too! It features 4MHz bandwidth and 10V/ys slew 
rate, yet quiescent current is only 1.5mA per amplifier. 


Single, Dual, or Quad Options 


Available in single (OPA131), dual (OPA2131), and quad (OPA4131) 
versions, this innovative family supports the widest range of applications 
and package configurations. Package options include an 8-pin DIP and 
SO-8 surface mount in the single (OPA131) and dual (OPA2131). The 
quad (OPA4131) version is available in a 14-pin DIP, SOL-16 and the 
smaller SO-14 surface-mount package for maximum flexibility. 


OPA131 key specifications: 


Lett DiS QUE ONE &osoca ck ste <0 ks sas dpe od eee es rs ole Bis 50pA max 
PPIEL VOUS. 2. ooo cisnogak sc hace SucFe-tcctue fhe hoch t onan» vo oonvaae 750uV max 
SWE FE cscs oi 5s ctu c caci'nnenyact enero ontnisviiuigasiubes Utcabdeneiniesaneeueaa em 10V/us 
FRI WHGEE ioc. <a cendcneg pins daevrn rye dtiea Desa btnades iste th ene aeeRina Re 4MHz 
POWALSHDDW iii ailccilis cadih BAGS eGo toes +4 5V to +18V 


OPA131 is priced from $1.30 in 1000s for the single, $2.10 for the 
dual, and $3.40 for the quad. Circle No. 212 








Audio 


PCM1715 is a low cost, dual, voltage output CMOS D/A with an on- 
chip filter and output amplifier. Its unique multi-level 4th-order 
delta-sigma architecture reduces sensitivity to input clock jitter and 
RF interference. The on-chip digital filter performs at 8Xfs. 


Audio and more... 


PCM1715's ability to support separate L and R digital attenuators and 
its flexible analog output mode selection make this part your low cost 
solution for CD-ROM, CD-I, VIDEO-CD, tuners, set-top box, and other 
digital audio applications. The digital attenuator has 255 steps with 
provisions for separate control of Left and Right Channels making 
PCM1715 compatible with the newly adopted industry-standard 
ATAPI (AT Attachment Packet Interface) extension for CD-ROM 

drive interface to PCs. And, PCM1715’s unique output selection 








>< A> D/A Has On-Chip Filter and Output Amplifier 


possibilities—L/R reverse, mono, (L, or R, or L + R/2) or mute 
in addition to normal stereo mode—make it ideal for digital 
broadcasting applications such as set-top boxes. 


PCM1715 is available in a 28-pin SOIC package 
and operates from a single +5V power supply. 


PCM1715 key specifications: 


Circle No. 213 





DYNAN FAROE oro lk agrees 
Analog voltage output.................. 3.2Vp-p 
PCM1715 is priced from $4.25 in 1000s. 


Burr-Brown Corporation ¢ P.O. Box 11400, Tucson, AZ 85734-1400 « Call (800) 548-6132 or FAXL/NE (800) 548-6133 29 
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New “femto-amp” Instrumentation Amp with 5fA Bias Current 


INA116 is a complete monolithic, FET-input instrumentation amp 

with only 5fA input bias current. It’s ideal for amplifying ion-specific 
electrodes such as pH probes, electric field measurement, and other Input bids CUFTEMt sss 5fA, 25fA max 
ultra high impedance measurements. Use it for scientific, lab, and 


INA116 key specifications: 








medical instrumentation applications. Offset voltage sas oa at dee vikds eedcad vecaauacicceeeaaat amv max 
Why Make Your Own? | DHF oe es 10uV/°C 
We have your perfect solution...available now. INA116's guard pins CMP osccecnstiitecavencant Se taniut 94dB (G=100) 
adjacent to each input terminal make it easy to achieve ultra low leak- 

age on a circuit board—even with the surface mount version. It’s POWEF SUPPIY.......scsssssssssssssensseeee +4.5V to +18V 
your “easiest” way to achieve ultra low input-bias current. INA116 is Quiescent CUFTEM...csccscocsscscesssessssesecesseen 1mA 
available in 16-pin DIP and SOL-16 surface-mount packages and eu : 

specified for the —40/+85°C temperature range. Circle No. 214 INA116 is priced from $6.95 in 1000s 








UL integrated ICs 


We’ve been making the best FET—input op amps for photodiode applications for over 25 years. Now, 
we have a complete solution for you—a photodiode and amplifier combined on a single monolithic 
chip. Our compact, cost-effective devices solve the problems commonly associated with discrete 
designs such as leakage currents, noise pickup, and gain peaking due to stray capacitance. The chart 
below describes our products and their specifications. Prices start at $2.55 in 1000’s. Circle No. 215 
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Low cost, general purpose. 
Single supply operation. 


Wide bandwidth, general 
purpose. 


General purpose 
_ photodiode/amplifie. = 


_ Wide bandwidth with very high 
transimpedance gain. Allows | 
use of external photodiode buffer 
circuit for widest bandwidth. =| b 





OPT301 Hermetic, general purpose. | 
_ Extended ultraviolet response. =| 


ceca i: New Integrated Circuits Databooks 


BURR-BROWN 
IC DATA BOOK IC DATA BOOK 


Our new Integrated Circuits Data Books give designers more than 60 high performance linear 
and mixed signal solutions. Both the Linear Products and the Data Conversion Products data 
books include complete product descriptions and specifications, applications tips, performance 
graphs, and ordering information. The Linear Products data book profiles op amps, instrumen- 
tation amps, isolation products, references, and regulators. The Data Conversion Products data 
book profiles A/Ds and D/As, data acquisition components, sample/hold amps, VFCs, multiplexers 
and more. Free from local sales representatives or call (800) 548-6132. Circle No. 216 
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Reader recommends trip 
to doughnut shop 


I’d like to hear more from Do-While 
Jones and David Scott, author and con- 
tributor, respectively, of “Quaternions 
quickly transform coordinates without 
error buildup” (EDN, March 2, 1995, pg 
9S) on the subject of dividing by zero. 
On pg 96, in the equation of temporary 
variable TK, the author states that 
TK=2/(TQ4+TX+Q1*Q1). Jones also 
states that TK=0 if (TQ+TX+Q1*Q1)=0 
as a special case. This is “divide by 
zero,” which is assigned to the value of 
infinity in many math texts. It is also 
the accepted mathematical dogma on 
the subject. How do the author and 
contributor justify their decision to 
arbitrarily assign this quantity with the 
number zero? I am curious. 

Also, consider the possibility that 
2/0=2. In general, if a number X is not 
imaginary, then X/0=X. Proof of this is 
the doughnut theory, which is as fol- 
lows: 

To perform this experiment at home, 
the engineer needs a bag of doughnuts 
and a short knife. The idea is to form a 
physical basis for this concept of divi- 
sion. This is appropriate since the 
resulting quaternions are said to allow 
meaningful rotation of physical object 
models. Each doughnut represents a 
number of arbitrary size. The number is 
to be divided by a smaller number, rep- 
resented by the short knife, which is 
about half as long as the major diame- 
ter of the doughnut. As a physical 
model of mathematical division, this 
experiment involves cutting the 
doughnut with the knife. To represent 
division by two, pick up the knife. 
Select a new doughnut. Cut it once on 
the major diameter, then walk halfway 
around it and cut again on the other 
side of the major diameter. If the cut- 
ting is done very carefully, then two 
equal halves of doughnut result. The 
doughnut may be cut any number of 
times to represent division by any 
number. 

Select anew doughnut; cut five times 
to divide by five, which results in five 
pieces of a doughnut, or fifths. Select 
another doughnut; cut four times to 
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divide by four, which results in four 
pieces, or fourths. Select another 
doughnut; cut three times to divide by 
three, which results in thirds. And, 
select a new doughnut, cutting it into 
two pieces, resulting in halves. Now 
select another doughnut, cut one time 
to divide by one, which results in one 
piece of doughnut. It is no longer a 
doughnut, since the dough does not 
completely surround the center after 
this division. The doughnut resembles 
a torus with a gap, which resembles the 
letter C. It is no longer a unit doughnut 
after division by one. This is the first 
major point of doughnut theory: 
Dividing by one causes a mathematical 
change. Dividing a unit by one changes 
the unit. 

When we divide by one, we are 
dividing by a unit of what? The result 
of division by one is dependent on the 
unit of division. A doughnut divided 
by one short knife, or divided by one 
brick, is one piece of a doughnut. 

Here is the second major point of 
doughnut theory, which pertains 
directly to the equation of variable TK 
in the “Quaternions” article. Select a 
new doughnut. Pick up the knife. 
Divide the doughnut by zero. That is, 
do not touch the doughnut. Put the 
knife down. The doughnut has been 
divided by zero. Let’s look at the results 
of dividing by zero. 

After the doughnut has been divided 
by zero, are there suddenly an infinite 
number of them? No. This result is 
patently absurd. Therefore, most math- 
ematical textbooks are wrong. Dividing 
a number by zero does not result in 
infinity. 

After the doughnut has been divided 
by zero, does it disappear? Are there 
suddenly zero doughnuts to be seen? 
Once again, no. Mr Jones and Mr Scott 
may have erred on this seemingly 
minor point. Dividing a number by 
zero does not result in zero. 

How many unit doughnuts result 
from dividing a unit doughnut by zero? 
One. A unit. Therefore, when 
(TQ+TX+Q1*Q1)=0 then TK=2/(TQ+ 
TX=Q1*Q1)=2. QED. 

This proof of divide by zero, which 
uses a physical model of a doughnut 


divided by a knife, is not dependent on 
the actual size of the knife. 

Now, go ahead, destroy the evi- 
dence—eat the doughnuts! 


Michael Klaus 
Glendora, CA 


Ed note: If you look at the definitions for 
TQ and TX, you’ll see that 
TQ+TX+Q1*Q1 is really Q17+Q2?7+ 
Q3?+Q4. The only way for the sum of 
four squares to be zero is if all the terms 
are zero (which is not a legal quatern- 
ion, so it should never happen). The 
ancient version of Fortran Mr Scott used 
when he wrote the algorithm did strange 
things when it divided by zero. He 
assigned 0 to TK to make the routine 
return a benign identify matrix for this 
pathological, impossible case. 

Several other readers wrote concerning 
algorithm 2 (pg 98). Unfortunately, the 
“<” signs all evaporated during typeset- 
ting. The four cases should have read: 

if M11> 0 and (M22+M33)20 
if M1120 and (M22+M33)<O 
if M11<0O and (M22—M33)=0 
if M11<0 and (M22-M33)<0. 

No one wrote to question an apparent 
polarity problem. For reasons I don’t care 
to defend, it has always been the practice 
where I work that the ground-referenced 
coordinate system is East/North/Up, and 
the airframe-referenced systems are 
North/East/Down. Long ago, I incorporat- 
ed a change in order and polarity of axes 
into the quaternion/matrix conversions to 
take this into account. I had forgotten that 
I hid this little trick in the conversion algo- 
rithm. I regret not mentioning this in my 
article and hope it caused little inconve- 
nience. 
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tending battery power 


If trying to match high-performance appetites 
with low-voltage diets is keeping you up, we 
have a suggestion. 

Toshiba low-voltage components. 


Our wide line offers just what you 








need for everything from battery-hungry ™ 
portables and handhelds to so 
the heat and reliability issues of 
todays high-performance processors. 

Case in point: our [Mb X 16 DRAM. 
Compared to 4Mb options, its true 
3.3V operation and self-refresh feature 
can reduce DRAM power consumption 
by 65% in 5V systems, 60% in 3.3V designs. 

Or Toshiba 32K X 8 high-speed 3.3V SRAM. 
With access speeds from 15 to 25ns, it’s perfect 
for second-level cache memory. 

And our LCX, LVQ and LVX families offer a 
wide range of high-speed, low-noise 3.3V logic. 

But that’s just a taste. 

For more information, please call 
1-800-879-4963. 

You'll see that when it comes to low-voltage 


components, we can satisfy any craving. 


d) Life as we know if 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


ISO9001 


©1995 Toshiba America Electronic Components, Inc. HDQ-95-131 CERT FIED 
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Familiar Terrain. 





Over the years, Motorola has covered a 


lot of ground in the logic business. 

We started our long trek making what 
has become the familiar terrain of standard 
logic. We’re still committed to ECL, TTL 
and CMOS standard family logic, because 
our customers continue to use it as 
functional building blocks in a wide range 
of applications. But, as demand for greater 
speed and lower power has continued to 
increase, so too have our efforts to keep 
Motorola’s standard family logic products 
up to standard and beyond, utilizing the 
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BETTER TRAILS 






latest design, processing, and packaging 
technology. 

We’ve learned a great deal about quality, 
efficiency and cost-effective manufacturing 
from making standard family logic, 
and we’re applying this knowledge and 
experience to five major areas: Timing, 
Low-Voltage, Low-Power Wireless, 
High-Speed Communications, and Field 
Programmable Gate Arrays. 

As our customers’ needs propel us in 
new technological directions, we’re 
working harder and smarter to find better 
trails, migrating from basic functions such 
as gates and flip-flops, to more complex, 
application-specific functions such as | 





Better Trails. 


phase locked-loop and mixed signal. 

With cost-effective integration in mind, 
we're constantly adding new products to 
our portfolio, as well as the latest in 
packaging, such as TSSOP, SSOP and 
TQFP. And the better trails we’re blazing 
for our customers are not only in the form 
of new leadership products. . . they’re total 
system solutions—solutions that incorporate 
Motorola’s entire advanced technology 
product offering. 

In the past, Motorola has explored and 
conquered a tremendous amount of logic 
territory. But, given the burgeoning needs 
of our customers, we recognize that our 
journey is a never-ending one. 


Motorola and @)are registered trademarks of Motorola Inc. 





In the coming months, we'll be telling 
you about some specific new products and 
developments from the Logic IC Division 
of Motorola. We’re sure you'll agree these 
logic advances are “Better Trails” through 
the “Familiar Terrain” of standard logic. 

Don’t miss out on any of our new trails. 
Call 1-800-441-2447 and ask to be added to 
our mailing list #ML73. 


(AA) MOTOROLA 


Logic IC Division 





¥. 3 des Servs Wa 


Photo courtesy Intel Corp# 5 
Photography by Richard WahIlstrom Photography | 
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MIARKUS LEVY, 
TECHNICAL EDITOR 


System designers use x86 processors 
in an endless variety of applications, 
including industrial controllers, 
robotics, network controllers 
(bridgers and routers), handheld 
inventory devices, hard-disk con- 
trollers, security systems, in-flight- 
phone and -entertainment systems, 
and even ice-cream dispensers. Sys- 
tem designers have long understood 
the benefits of PC compatibility in 
an embedded system;*however, 
there are now many complex issues 
involved in selecting an x86 CPU. 
No other computer architecture 
has evolved as wide an assortment 
of assemblers, compilers, debuggers, 


simulators, operating systems (OSs), 
and applications as has the x86. 
Some companies even have prod- 
ucts that do not require PC compat- 
ibility but still use an x86 processor 
to maintain OS and application- 
software homogeneity across prod- 
uct lines. An x86 processor leverages 
the competitive pricing of the desk- 
top PC market, a benefit equally as 
important as compatibility. On the 
other hand, system designers are 
finding it difficult to keep pace with 
the desktop PC market, making 
your CPU choice critical to the 
longevity of your product. 


What’s an embedded PC? 

Engineers often refer to an x86- 
based application as an embedded 
PC, even if it only remotely resem- 
bles a PC. But, an embedded PC is 
really a feature, or a component, of 
an application—not a market seg- 
ment. From a functional stand- 
point, an embedded PC provides 
standardized mechanisms for in- 
putting and.displaying data as well 
as the ability to. provide hardware 
and software flexibility. Most 
important, by treating an embed- 
ded PC as a component, you stay 
focused on your product's value- 
added software or hardware ele- 
ments. 

This last point begs the question 
of whether you should build or buy 
your product’s embedded-PC com- 
ponent. Beginning with the intro- 
duction of the 386, the CPU market 
evolved rapidly. At that point, many 
OEMs began buying embedded PCs 
instead of redesigning with a new 
CPU or chip set every six to 18 
months. This trend has continued, 
suggesting that an increasing num- 
ber of embedded-system, developers 
are opting not to reinvent the 
wheel. Furthermore, by purchasing 
the embedded.PC for your system, 
you won’t*have to worry about 
understanding the hardware idio- 
syncrasies and compatibility issues 
of standard desktop PCs. 

On the other hand, if you build 
your own embedded PC, you have 
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the opportunity to choose the exact 
peripheral functions needed. An off- 
the-shelf single-board computer (SBC) 
may contain more features than your 
design requires. (It may still be less 
expensive by the time you add in 
design and manufacturing costs.) For 
example, to offer a compromise, Dova- 
tron International manufactures mod- 
ular SBCs that plug into a card cage. 
You can add features by plugging in 
additional modules such as VGA, PCM- 
CIA, Ethernet, SCSI, etc. Alternatively, 
Radisys Corp offers PC-compatible 
boards but specializes in providing cus- 
tom solutions to allow you to add (or 
remove) special features. 

Before embedding a PC into your 
product, you have to interpret different 
degrees of PC compatibility. Some 
designers maintain that if the embed- 
ded PC runs x86 code, it’s PC compati- 
ble. Others stretch it a little further, say- 
ing that,. as long as it runs 
“well-behaved” DOS and Windows 
applications, it’s PC compatible. Still 
other designers say that, to be PC com- 
patible, the embedded PC must sup- 
port the complete PC-AT specification, 
including all ISA bus signals. The 
processor (and core-logic chip set) you 
choose determines how PC compatible 
your embedded PC can be. 

The definition boils down to deter- 
mining what features you really need 
to support: a monitor, a keyboard, a 
floppy or hard disk? What about ISA 
bus add-in cards? All of these are basic 
PC features. How about adding non- 
standard features (Common in embed- 
ded PCs) such as solid-state disks or 
extra RS-232C ports? Again, the proces- 
sor you choose affects how easily you 
can accommodate these features. 





Select the right processor 

One of the first steps you must take 
in selecting an x86 processor is deter- 
mining the processing power your 
application requires. You can find non- 
x86 processors that deliver higher per- 
formance than any x86 processor, but 
x86 processors have a guaranteed 
upgrade path (due to the desktop PC 
market) and double their performance 
every 18 months. And, even though 
186s and 286s may provide ample per- 
formance for many applications, the 
trend appears to be following the rapid 
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The ZT 8905 SBC from Ziatech Corp demonstrates the complex board layout 
required for a Pentium-based design. Although the board measures just 4.56.5 in., 
it is 100% PC-AT compatible and includes both PCI and STD32 interfaces. 


pace of desktop PCs, where 486s repre- 
sent the performance entry point. This 
trend is carrying over to the embedded 
market (typically lagging by a mini- 
mum of two years): 386s, 486s, and 
Pentiums are becoming increasingly 
popular for performance-demanding 
functions such as enhanced graphical 
user interfaces. 

If your application needs perfor- 
mance at the upper-most end of the 
x86 spectrum, the choices are simple. 
You can select from 586-class proces- 
sors that include Intel’s Pentium, 
AMD’s KS, Cyrix’s M1, or maybe even 
Nexgen’s 586. When combined with 
the supporting core-logic chip set, 
these CPUs allow you to build any 
degree of PC compatibility. The Pen- 
tium, KS, and M1 share the same 
pinout, theoretically making it possible 
for the chip sets (available from a mul- 
titude of vendors) to work with any of 
these CPUs. Because 586-class CPUs are 
at the leading edge of performance, you 


are almost guaranteed product avail- 
ability for several years. However, the 
Same guarantee may not be the case 
with chip sets that seem to change 
every six months. The unique pinout of 
Nexgen’s 586 amplifies the instability 
of chip-set support; as a result, it may 
be even more difficult to maintain an 
embedded-PC design. 

Although the choices are simple for 
the 586-class CPUs (because there 
aren’t many), it’s the system layout that 
presents a challenge. This situation is 
especially true if you’re designing a 
small form-factor board, as is typically 
the case for embedded PCs. Ziatech 
Corp’s STD32-bus-based ZT 8905 SBC 
exemplifies this situation (Fig 1). This 
Pentium computer board is made 
100% PC-AT compatible by using Acer 
Labs Inc’s (ALI’s) Aladdin PCI 
M1511/M1513 core-logic chip set ($22 
each). Ziatech chose the Aladdin 
because the implementation only 
requires two devices, which is essential 





for squeezing an entire Pentium com- 
puter on a 4.5 X6.5-in. board. However, 
in order to get away with only two 
devices, ALI’s 1461 DRAM controller 
doesn’t include on-chip drivers. Thus, 
the multiplexed address and data buses 
for the DRAM interface require external 
drivers (245s). The additional cost for 
the drivers is sometimes a problem for 
penny-pinching desktop PCs. Design- 
ers at Ziatech benefited from ALI’s chip 
set by putting the drivers on the back 
side of the board using 17 TSOPs. 


An abundance of 486s 

The 486-class CPUs offer many more 
options for building an embedded PC 
when compared with 586-class CPUs. 
Different versions of the 486 are man- 
ufactured by a long list of companies, 
including Intel, AMD, Cyrix, Texas 
Instruments, IBM Microelectronics, 
and SGS-Thomson. Amazingly, the 486 
has become a commodity product, but 
this helps to ensure its longevity, and it 
continues to drive down prices. 

The 486-class CPUs consist of 16- 
and 32-bit versions. The 32-bit versions 
include the SX (with no floating-point 
unit), DX2, and DX4 processors. The 
486 CPUs, such as the 486SLC from 
Cyrix and TI, have a 16-bit bus inter- 
face that allows you to drop it into a 
386SX socket. The 32-bit versions have 
the widest range of support from CPU 
and chip-set vendors. Incidentally, 
Intel and AMD are supporting 486s as 
embedded processors, indicating a 
commitment to product longevity and 
the enlistment of chip-set vendors such 
as PicoPower, ACC Micro, and Intel. 
AMD’s 486SE, identical to a 486SX, is 
an embedded CPU (from a company- 
support standpoint). PicoPower’s Pine 
core-logic chip set ($22) supports all 32- 
bit CPUs (386s and 486s), making it 
easier for the company to leverage 
manufacturing efforts. Also, because 
Pine supports both 386 and 486 CPUs, 
it minimizes your efforts for redesign- 
ing the hardware and BIOS when 
upgrading. 

When it’s actually time to make a 
selection, embedded-PC designers find 
that the 386 class generates the most 
confusion. The 386 has virtually left 
the desktop PC. Devices such as the 
386SX and 386DX are supported 
almost exclusively as embedded prod- 
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ucts. As a result, chip-set support has all 
but disappeared, with only a few ven- 
dors—Chips and Technologies, ALI, 
and PicoPower—still actively support- 
ing these CPUs. 

Similar to the SE device in the 486 
category are the 386SE and 386DE, 
which AMD markets for embedded 
applications. The SE and DE, however, 
differ a bit from their SX and DX coun- 
terparts. Specifically, the SE and DE 
have had their paging units removed to 
help reduce cost. The 386SE ($10.50) 
and 386DE ($12) each cost about $0.25 
less than their 386SX and 386DX coun- 
terparts, respectively. But, without the 
paging unit, you give up the ability to 
run Windows. Chips and Technologies’ 
CS4031EM Chipset ($15.65) and the 
82C836EM “SCATsx” system logic chip 
sets support SE and DE devices (as well 
as SX and DX devices). The company 
has agreed to support these chip sets for 
at least four years. 

About a year and a half ago, Intel 
introduced a 386 specifically targeted 
at embedded PCs. This device, the 
386EX, contains a 386 static core sur- 
rounded by a set of almost-PC-compat- 
ible peripherals that include DMA and 
interrupt controllers, serial ports, a par- 
allel port (not EPP compatible), watch- 
dog timer, timer control unit, and 
refresh unit. These peripherals lessen 
your dependency on a potentially 
volatile chip set. Additional benefits of 
using a highly integrated CPU include 
higher system reliability, better power 
management, and smaller board space. 
The 386EX carries a price tag of $24, 


which is reasonable if you consider the 
range of peripherals on this device. But, 
before you buy a 386EX-based SBC or 
begin developing with the EX, decide 
on the degree of PC compatibility your 
product requires. 

The 386EX includes dual 8259A- 
compatible interrupt controllers (PC 
compatible). Pin-count limitations 
forced Intel not to connect IRQIO, 
IRQ11, and IRQ15 to external pins. 
Although these IRQs are unassigned 
ISA bus interrupts, they are required for 
ISA bus compatibility. You may decide 
on a partial ISA bus implementation 
using add-in cards that do not require 
these interrupts. Or, more than likely, 
your embedded PC doesn’t support 
add-in cards anyway. 

A partial solution to the interrupt- 
pin shortage is to utilize some of the 
other available interrupts. For example, 
if you aren’t using a numeric coproces- 
sor, you can reassign IRQ13, which 
normally is used by the coprocessor for _ 
signaling an error. Likewise, a system 
without a hard drive can reassign 
IRQ14. However, reassigning IRQs may 
not solve this problem because ISA add- 
in card’s hardware may not allow the 
IRQs to be steered to these interrupt 
lines. 


No floppy disk? 

PC-AT compatibles have eight DMA 
channels; the 386EX has only two. 
Specifically, the EX supports DMA 
channels 0 and 1. On PC-AT compati- 
bles, channels 0 and 1 are assigned to 
memory refresh and serial communi- 
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cations, respectively. Floppy disks use 
channel 3. 

You have several choices for getting 
around the lack of floppy-disk support 
on the 386EX. The simplest solution is 
not to use a floppy disk, which gener- 
ally isn’t an issue on embedded PCs. 
New applications or data can be down- 
loaded to the embedded PC using a ser- 
ial or parallel connection. The 386EX 
has a separate refresh control unit, free- 
ing DMA channel 0 for reassignment to 
a floppy disk. Alternatively, your 
embedded PC’s BIOS can be rewritten 
to accommodate the redirection. As 
long as programs don’t try to circum- 
vent the BIOS and go directly to hard- 
ware, no problems will occur. Watch 
out for Windows, however, which may 
cheat and go directly to the floppy-disk 
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hardware. (Windows 95 allows you to 
direct floppy services through the 
BIOS). Embedded applications that use 
a floppy disk use them primarily 
through DOS for loading new pro- 
grams into the system (which always 
goes through the BIOS). 

If you’re building a “real” PC with 
the 386EX, you’ll need to add a few 
more peripheral devices, such as graph- 
ics, memory controllers, a keyboard, a 
real-time clock, a parallel port, and per- 
haps circuitry to generate the ISA bus 
signals if you plan to support some add- 
in cards. The Explorer Series SBC eval- 
uation platform, which Radisys Corp 
designs and manufactures for Intel, 
offers an example of what you can do 
with the 386EX (Fig 2). This SBC lacks 
an ISA bus connector but uses a syn- 


chronous expansion bus (SEB) and a 
digital I/O channel to access off-board 
peripherals. The SEB provides a subset 
of the ISA bus with processor-synchro- 
nous timing. 

Many SBC vendors, such as Ampro 
and WinSystems, which have PC/104 
connectors on their boards, decided 
that 100% PC-AT compatibility is 
essential. Therefore, they had to use the 
386SX instead of the EX. Basically, no 
amount of BIOS modifications could 
allow vendors to deliver 100% compat- 
ibility through the PC/104 (ISA bus sig- 
nals) connector. Additionally, these 
vendors have found that the cost of 
adding a CPLD (or ASIC) and other 
logic to an EX design to make it PC 
compatible is roughly equivalent to 
buying a CPU and core logic chip set. 
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RF TRANSFORMERS 


Over 80 off-the-shelf models... 
3KHz- COOOK 






Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 

particular impedance ratio over a specified frequency 
range?....Mini-Circuits offers a solution. 


connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements’). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. 
Ultra-wideband response achieves low droop and fast 
risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 7 
primary current, use the T-H series. Fully detailed data vorlon see 
appear in our 740-pg RF/IF Designer's Handbook. 
Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 
*units are not QPL listed. 
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Another “almost” PC-AT-compatible 
CPU is AMD’s Am386SC300 (common- 
ly called Elan), which AMD originally 
targeted at very-high-volume hand- 
held devices such as personal commu- 
nicators. Although the 386SC300, 
which costs $39 for a 25-MHz version, 
costs 1.5 times as much as the 386EX, 
it’s packed with twice as many periph- 
erals. Additional peripherals include a 
memory controller, ISA bus controller, 
EPP-compatible parallel port, CGA con- 
troller, and two PCMCIA-card con- 
trollers. However, to use these periph- 
erals, you must make trade-offs. For 
example, because the 386SC300 is only 
available in a 208-pin PQFP, the pin 
limitation forces the ISA bus, local bus, 
and CGA controllers to share the same 
pins. Thus, your system can only utilize 
one of these functions. 

Elan’s internal LCD controller sup- 
ports CGA sizes of 320200, 640200, 
and 480X320 (predominantly flat- 
panel displays). Adastra Systems, an 
SBC manufacturer specializing in inte- 
grating flat-panel displays, has consid- 
ered the Elan for an SBC. However, the 
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company has determined that almost 
any design would require using an 
external VGA controller. Unfortunate- 
ly, most of the displays Elan supports 
are either obsolete, not manufactured 
in the technology of interest (such as 
active-matrix color LCDs), or not read- 
ily available. 

When you use the 386SC300’s inter- 
nal CGA controller, it supports a mini- 
mal ISA bus (this capability includes 
basic memory and I/O reads and writes, 
DMA channel 2, and a few interrupts). 
If you configure the 386SC300 into the 
local-bus mode, the internal CGA con- 
troller is disabled, and the CPU pro- 
vides a few more ISA bus DMA channels 
and interrupts. The local-bus option 
basically is a 386SX local bus. The max- 
imum ISA bus mode supplies the bal- 
ance of the signals for the DMA chan- 
nels, interrupts, ISA-latched addresses 
(LA17-LA23), zero-wait-state request, 
and address latch enable. Unless you 
plan to build a system with ISA slots, it 
makes the most sense to operate the 
Elan CPU in the local-bus mode and 
add an external VGA controller. 





| PCMCIA R2.1 


Also, when considering the 386SC- 
300, note that it only supports a single 
serial port, which may be a limitation 
in embedded PCs (most support at least 
two). Also note that, from a develop- 
ment/debugging standpoint, the 
386SC300 lacks any type of emulator 
support. However, the 386SC300 is typ- 
ically used in system environments 
similar to those of desktop PCs, where 
software support is almost exclusive. In 
this case, it may also be most appropri- 
ate to use tools such as a PROM ICE, 
logic analyzer, and, perhaps, a serial 
debugger. 


A 186 upgrade path 

If you’re only using x86s because of 
software compatibility with the PC, 
check out AMD’s 386EM, which is 
derived from an enhanced version of 
its 186EM. This non-PC-AT-compatible 
device provides a 32-bit upgrade path 
for the 186EM. Peripherals integrated 
into the 386EM include an interrupt 
controller, counter/timers, DMA con- 
troller, watchdog timer, and serial 
ports. AMD’s 386EM sells for $24.94. 
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The Explorer Series SBC, which Radisys Corp designs and manufactures, runs DOS/Windows and features a 25-MHz Intel386EX. 
This board is available through Intel as an evaluation platform. 


42 * EDN JUNE 22, 1995 









DIGITAL STEP 
ATTENUATORS 


up to 35dB 


Finally...precision attenuation accurate over 10 to 
10 to 1000MHZ ss igoomtz ‘and-55°C to +100°C. Standard and custom 


models are available in the TOAT(pin)- and ZFAT(SMA)- 
5 95 series, each with 3 discrete attenuators switchable to provide 
FROM 





7 discrete and accurate attenuation levels. 
The 50-ohm components perform with 6usec switching 





TOAT-R512. +| TOAT-124 | TOAT-3610 | TOAT-4816 | TOAT-51020 speed and can handle power levels typically to +15dBm. 
nase 2 eile 24 naa 0 lee 6 reat -51020 Rugged hermetically-sealed TO-8 units and SMA connector 
ccuracy ccuracy ccuracy ccuracy ccuracy versions can withstand the strenuous shock, vibration, and 
(+/-4B)| (GB) _(+/-4B)| (4B) _(+/-dB)| (dB) (+/-08)| (GB) (+/-<8) temperature stresses of MIL requirements. TOAT pin models 
rp Cig ey a are priced at only $59.95 (1-9 qty); ZFAT SMA versions are 
15 0.32 150 06 $89.95 (1-9 qty). 
res eee Take advantage of this striking price/performance 
a 0:4 300 07 breakthrough to stimulate new applications as you 
35 0.52 35.0 1.0 implement present designs and plan future systems. All units 
Price $ (1-9 qty) TOAT $59.95/ZFAT $89.95 are available for immediate delivery, with a one-yr. guarantee, 
bold faced values are individual elements in the units and three-sigma unit-to-unit repeatability. 
finding new ways... 
setting higher standards 
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Back when the first motherboards 
were built, chip sets consisted of dis- 
crete components such as the 8259 
(interrupt controller) and 8237 (DMA 
controller). Today, ASIC, FPGA, and 
CPLD vendors are offering these com- 
ponents as functional system blocks 
(FSBs) or macrocells. You can “glue” the 
appropriate FSBs together to build your 
own integrated core logic. “Owning” 
the core logic puts you in better control 
of your embedded PC’s destiny. How- 
ever, you have several considerations 
when using this approach: 

e If you’re building an ASIC, produc- 
tion volumes must be high enough 
to recuperate NRE costs. 





e A programmable-logic device costs : 


four to six times more than an 
ASIC. For example, the CPLD used 
in the Radisys design (Fig 2) costs 
$30 to $50; a functionally equiva- 
lent ASIC costs $5 to $10 (not 
including NRE). | 

@ The FSBs or macrocells may not be 
optimized for your application, 
potentially affecting die size (gate 
count) and performance. 

Instead of building your own ASIC, 
you may be lucky enough to land an 
agreement with a chip-set vendor to 
build its discontinued devices. Be wary, 
however: Chip-set vendors are typical- 
ly unwilling to disclose core-logic- 
design secrets. Alternatively, you may 
have the opportunity for a last-time 
buy, which doesn’t help your invento- 
ry but outweighs the option of having 
to use engineering resources on a 
redesign. 

The best thing you can do for an 
embedded PC is to isolate it from the 
rest of your application. By doing so, 
you won’t be concerned about CPU 
and chip-set changes. To accomplish 
this, you can buy off-the-shelf SBCs 
and let the vendor hassle with the 
changes in hardware and firmware. If 
you're building the SBC, you may want 
to use an alternative approach, such as 
in Ziatech’s ZT 8905 SBC. This SBC pro- 
vides an interface to the STD32 bus. 
Ziatech has painstakingly developed a 
custom interface between the PCI bus 
(generated by the ALI chip set) and the 
STD32 bus. Even if the chip set or CPU 
changes, PCI bus standardization 
ensures that Ziatech’s custom interface 
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remains unchanged. The company’s 
biggest concern, however, is that a CPU 
or chip-set change may affect board 
layout (for example, more chips 
required), which, in turn, may affect 
how the SBC fits within their cus- 
tomer’s original enclosure. 


Don't forget BIOS support 

In addition to deciding on a 
CPU/chip set based on performance, 
price, and longevity, you should also 
examine BIOS support. The closer your 
embedded PC is to its desktop-PC 
counterpart, the easier it will be for you 
to obtain an off-the-shelf BIOS. 

Fortunately, BIOS vendors are begin- 
ning to appreciate the value of embed- 
ded PCs and are making it easier to 
modify or add to their standard BIOS 
offerings. For example, almost every 
SBC vendor provides a flash solid-state- 
disk option. Another example is the 
keyboardless BIOS, a capability request- 
ed by 50% of companies involved with 
embedding PCs into their products. 
Despite the availability of off-the-shelf 
BIOSs, many SBC vendors still choose 
to write their own BIOS, easing the 
move to support custom features and 
accommodate design changes. 

CPUs such as the 386EX and 
386SC300 don’t transcend the desktop- 
PC world. A semicustom BIOS is essen- 
tial when using these processors in an 
embedded PC. Phoenix Technologies 
offers a product called PhoenixPICO 
BIOS, which supports both CPUs. PICO 
lets you add nonstandard extensions, 
such as I/O through serial ports, differ- 
ent screens, or the ability to boot from a 
PCMCIA device. Furthermore, the PICO 
BIOS is “object oriented” in the sense 
that it’s easy to build a system and then 
pick only the pieces you want to use. 

Cost is an obvious drawback with an 
off-the-shelf BIOS. As with the hardware 
portion of an embedded PC, you have 
several considerations. On one side, if 
your product volumes are low (<1000 
qty), it is probably better to buy rather 
than build, because you cannot justify 
the development costs. It took Phoenix 
three man years to develop BIOS sup- 
port for the 386EX. However, if you’re 
buying a custom BIOS such as the 
PhoenixPICO, because of NRE charges, 
it really isn’t economical, unless you 





purchase at least 1000 pieces. 

If you’re building your own embed- 
ded PC with 386-class performance and 
do not need 100% PC-AT compatibili- 
ty, one of the integrated CPUs from 
Intel or AMD is probably your best bet. 
You eliminate the core-logic chip set 
and, therefore, have better control over 
the longevity of your design. Integrat- 
ed 486- and 586-class CPUs don’t exist 
yet, so you'll have to use an off-the- 
shelf chip set with guaranteed PC-AT 
compatibility. Since 486- and 586-class 
CPUs are mainstream today, you are 
guaranteed product availability for at 
least a few years. Regardless of how you 
Slice it, there are no clear-cut answers 
for making the “right” CPU choice for 
an embedded PC. But, fully under- 
standing all of your options should be 
the first step in making your task a bit 
easier. EDN® 
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32-mV dropout @ 100 mA! 
Low dropout regulators that really 
stretch your battery life. | 


The TPS7000 series of low drop- 
out regulators (LDOs) from Texas 
Instruments lets you stretch battery 
life 10, 20, 30, even 40 percent longer. 

Lowest dropout voltage in the 
industry. A PMOS pass transistor 
has enabled a lower dropout voltage 
than any other integrated regulator. At 
100 mA, the dropout voltage for the 
T'PS7150 is a maximum of just 32 mV. 

Low, low quiescent current. 
Less than 300 pA of quiescent cur- 
rent is needed to power these LDOs 
even up to the full 500-mA output 
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current range. Plus, it holds constant, 
even in dropout. 

Available now. TI’s TPS7000 
LDOs are deliverable now in a variety 
of price/performance options, includ- 
ing adjustable versions. And when a 
smaller footprint is key to your appli- 
cation, TT's TPS72xx family is available 
in an 8-pin TSSOP package. 

Free sample. Get your free sample 
pack and data sheets by calling TI 
today at 1-800-477-8924, ext. 3499. 
See for yourself how much you can 
improve your battery life. 
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The Leading Realtime 
OS for PCs 








So you’ve chosen Intel® processors for your Embeddable GUI 
embedded systems. Smart choice, given the And if you’re looking 
great variety of form factors, buses, and software for a full-featured 
scl ie , support for non-desktop PCs. Now go with windowing system in 





the leading realtime OS for PCs.* a very small package 
With QNX’s successful 14-year track record (under 300K), look no 
1 and huge installed base, you can count further than Photon,” 
cn lm on a realtime OS that’s been proven time the world’s first microkernel GUI for 
after time in the real world. embedded systems. 


Seale it on the Fly Asa modular, microkernel- | [Mbedded and Distributed Beyond mere connectivity, 
based OS, QNX lets you add or subtract modules | QNX provides true distributed processing. Your 


to fit your platform —from PDAs up to worksta- embedded system can become 
tions equipped with X and TCP/IP. You can part of a fault-tolerant network 
start and stop modules at run time without with resources you can control 
rebooting your system! Even our runtime pricing is from any PC throughout the 
modular, so you pay for only the OS modules LAN. Whether you're doing 
used in your target systems. remote debugging, or accessing 





X applications from a PDA, it’s 
Open Embedded Systems QNX is the certified all remarkably easy with QNX. 


POSIX OS that performs like a dedicated real- 
time executive. You get the rich API and tools From PC/104 to PCMCIA QNX runs on several 


of an open-systems OS, all in a scalable package buses — PC/104, STD, STD 32, VME — and embedded 
that can fit on everything from tiny ROM-based PCs from Adastra, Ampro, Octagon, Prolog, 
systems to vast distributed LANs. Radisys, Teknor, VMIC, WinSystems, and Ziatech. 
We also support the i386EX processor, as well as 
industry standards such as PCI and PCMCIA. 















You'll like the tighter, faster code you get with 

the Watcom C/C++ optimizing compiler. 
Not to mention the time you'll To find out more about the leading realtime OS 
save with our distributed contact us at info@qnx.com or http://www.gq = 


debugger, profiler, and trace 899-676-0566. (EXTENSION 1504) 
analysis tools. 






@ Leading in Experience (Realtime OS for PCs sint 
@ Leading in Innovation (Microkernel distribute 
@ Leading in Market Share (QNx outsells eve 
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QNX Software Systems Ltd., 175 Terence Matthews Crescent, Kanata, Ontario, Canada K2M 1W8 Voice: 613-SS 
Europe: 17 Bishops Court, Church Road, Bishopstoke, Hampshire, SOSO 6PE, England Voice: (+44) 170 
*According to a recent report by Emerging Technologies Group, QNX has “the largest realtime 

© QNX Software Systems Ltd. 1995. QNX is a registered trademark and Photon is a trademark of QNX Soft 
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An upcoming hardware-inde- 
| pendent, smart-sensor inter- 
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For anyone attempting to choose a sen- 
sor-interface or -networking standard, 
the range of choices is overwhelming. 
Some standards are open, and some are 
proprietary to a company’s control 
products. To remedy the situation, the 
IEEE and the National Institute of Stan- 
dards and Technology (NIST) are devel- 
oping the IEEE TC-9 Smart-Sensor 
Communication Standard. The stan- 
dard, which is due at year’s end, will 
unite the fragmented sensor market. 

The sensor market comprises widely 
disparate sensor types (see Question 4 
in the questionnaire on pg 54). Design- 
ers consume relatively large amounts of 
all types of sensors. However, the lack 
of a universal interface standard 
impedes the incorporation of “smart” 
features, such as an on-board electron- 
ic data sheet, onboard A/D conversion, 
signal conditioning, device-type iden- The proposed functional diagram of the networked smart sensor/actuator shows 
tification, and communications hand- _ levels for possible standardization of the interface. 
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SENSOR STANDARD 


shaking circuitry, into the sensors. 

A universally accepted sensor-inter- 
face standard will not only allow for 
the development of smarter sensors but 
also lead to lower expenses because it 
costs less to design to a single standard. 
To develop the new standard, the IEEE 
and NIST considered the pros and cons 
of the following standards at a smart- 
sensor workshop in March 1994: 

e InterOperable Systems Project 
(ISP)—a merging of the ISP SP-50 
Fieldbus physical layer with the 
German Profibus and French Facto- 
ry Implementation Protocol (FIP) 
data-link and application layers 

@ Controller-Area Network (CAN)—a 
message-based networking system 
for the automotive industry 

@ LonWorks—an open networking 
system introduced by Echelon 
Corp 

e@ J1850—an automotive networking 
standard approved by the Society of 
Automotive Engineers 

@ DeviceNet—an open communica- 
tions network based on CAN and 
introduced by Allen-Bradley 

® WorldFIP—a global open fieldbus 
based on an International Elec- 
trotechnical Commission (IEC) and 
ISA standard. 

The IEEE and NIST decided against 
adopting one of these network proto- 
cols as the single standard. According 
to the study, users will have different 
preferences for hardware implementa- 
tions because of the emerging status of 
the low-cost smart-transducer industry. 
For some designers the sensor’s com- 
patibility with the devices’ instrumen- 
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tation is important. Other designers 
will take company alliances into 
account. And, still others will make 
choices based on personal preferences. 
The study concludes that standard set- 
ters can’t force users to implement a 
specific smart-transducer protocol, 
especially when other system compo- 
nents are using different approaches 
(Ref 1). 

The IEEE and NIST decided instead 
to develop a hardware-independent 
communication standard for low-cost 
smart sensors that includes device 
models and interfacing to selected low- 
cost networks, such as ISP, CAN, Lon- 
Works, and J1850. The key phrase here 
is “hardware-independent.” Designers 
will not have to develop smart sensors 
for any particular network protocol. 
Instead, the standard will lead to the 
development of a generation of smart 
sensors and associated network- 
adapter circuits that are not committed 
to a particular network. 


A smart-sensor/actuator model 
To ensure that the standard incorpo- 
rates all the necessary parts, the IEEE 
and NIST interviewed designers and 
suppliers for input. The group found 
that many control-network applica- 
tions are available, each with strengths 
for a given application and weaknesses 
for others. Each network requires a 
large development effort, especially by 
the traditional sensor or actuator man- 
ufacturers still using analog communi- 
cation technology, such as 0.5 to 4.5V 
or 4 to 20 mA. Manufacturers can’t 
transport the development effort to 
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other networks. This scenario creates a 
major stumbling block for the manu- 
facturers, which are typically small 
companies with limited R&D budgets. 
These companies are usually unfamil- 
iar with sophisticated networking tech- 
nology. 

The IEEE and NIST aim to lower the 
networking entry barrier for sensors 
and actuators by creating the hard- 
ware-independent standard. Standard- 
ization will encompass the formation 
of two software models: The smart sen- 
sor/actuator model describes a stan- 
dardized behavior of sensors or actua- 
tors in terms of interfacing signals, 
such as read/write, open/close. This 
model requires the presence of a stan- 
dardized transducer electronic data 
sheet (TEDS) in a memory. The TEDS 
will include such information as the 
device model, the name of the manu- 
facturer, the range, and the accuracy. 
The networked smart-sensor/actuator 
model maps, or translates, the net- 
work-capable application processor 
(NCAP) onto a specific network. The 
NCAP will interface with a smart-sen- 
sor/actuator model and will include 
application-specific software that sup- 
ports the interfacing signals, such as 
the FFT algorithm. 

The numbers in Fig 1 represent loca- 
tions for possible standardization of 
the proposed interface. The network 
interface in Fig 1—1 takes data packets 
from the network processor in a form 
appropriate for the network. The sen- 
sor-signal processor is a type of ADC 
that covers the analog signal (Fig 1—4) 
from the sensor/actuator to a digital 


The proposed smart-sensor interface standard will provide 
many benefits to the industry. Sensor developers can incor- 
porate smarts into their devices without worrying about net- 
work-protocol compatibility. Designers who integrate sensors 
into their factory-automation or process-control systems can 
count on an easier integration process. Assume, for example, 
a DeviceNet application needs a particular temperature sen- 
sor. Previously, a system integrator had to convert the sensor’s 
analog output to digital form, then format the digital signals 
to satisfy the network protocol. With the new standard, sen- 
sor manufacturers will produce devices that have onboard A/D 


converters with outputs that are compatible with a variety of 
network processors. / 

The sensor-to-network-processor industry is another mar- 
ket that the standard will spawn. For example, a DeviceNet 
integrator must simply connect the sensor to the network 
processor, and the system is ready to go. Depending on indus- 
try usage, the temperature sensors might contain all the 
smarts necessary to connect them directly to DeviceNet. You 
can expect self-test of sensors that use the new standard and 
direct delivery of diagnostics information to the network. 
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Heats Hot Dogs, Cools Cola, 
Runs On Solar Power And Must 
Hit The Beach By July 4th. 





Now Design It- 


Surfs-up, Dude. The marketing department just cooked up this 
new design-by-committee gadget and the big guy upstairs wants 
the project complete and shipping in June. Relax. Microchip 
Technology, the big Kahuna in OTP microcontrollers, can get your 
design to market on time with a broad selection of off-the-shelf, 
high-performance and cost-effective mid-range S-bit MCUs. For 

— low-cost sensing 
and measurement 
needs you can count 
on Microchip's new 
PIC16C62xX family 
with precision voltage 
comparators, brown- 
out detection, ultralow 
power consumption 


MEMORY 





PICA6CXX 1/0 OTPPROGRAM USER RAM mus 
PIC16C71 13 41Kwords 36 4 ch. 8bit ADC, power mgmt 


PIC16C84. 13 i1KwordEEPROM 36 64-byte EEPROM data 
CCP = Capture/Compare/PWM BOD = Brown-Out Detector 
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Actual Size 


Microchip Technology Inc. ¢ North America * Asia/Pacific * Europe ¢ Japan 
2355 W. Chandler Blvd. ¢ Chandler, AZ 85224-6199 » (602) 786-7200 # FAX (602) 899-9210 


he Microchip logo and name, Beach Buddy and Now Design It are trademarks of Microchip Technology Inc. Information subject to change. © 1995 Microchip Technology Inc. 
All rights reserved. PIC is a registered trademark of Microchip Technology Inc. in the U.S.A. * I2C is a trademark of Philips Inc. and SPI is a trademark of Motorola Corporation. 


and small footprint SSOP packages. For more sophisticated 
analog interfaces and communication needs, the PICL6C7X 
family provides industry-leading CPU speed, multi-channel 8-bit 
ADC with patented power management features, high-speed 
PWMs and 5 Mbaud serial communication ports. All of this 
power packed into a one-millimeter-thin TQFP package. 

With Microchip’s seamless migration path between product 
families and backed by the industry's best customer support 
and development tools, you too 
can be kicking sand in the face 
of your competition. Ask for the 
Beach Buddy” Design Kit. 

Then Design It. 


800-437-2767 
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NMICcCROCHIP 


The Embedded Control Solutions Company” 
Microcontrollers « Non-Volatile Memories « ASSPs 
See us on the Web: www.mchip.com/microchip 
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75 WATT MINI MODULE 





See EEM or send direct 
for Free PICO Catalog. 
Call toll free 800-431-1064 

in NY call 914-699-5514 
FAX 914-699-5565 


iP J CO Electronics, Inc. 


453 North MacQuesten Pkwy.. Mt. Vernon, N.Y. 10552 
CIRCLE NO. 95 
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SENSOR STANDARD 


FOR FREE INFORMATION... 


For free information on the proposed smart-sensor interface standard discussed in this 
article, contact the following organizations directly. When you contact them, please let 
them know you read about their standardization project in EDN. 


_=VOIE. 

__ Please also use the Informa- 

___ tion Retrieval Service card to 

rate this article (circle one): 
High Interest 590 
Medium Interest 591 

Low Interest 592 


National Institute of i= 
Standards and Technology —se_T 
Gaithersburg, MD  . 

(301) 975-6602 
Circle No. 301 


Roger Grace Associates _ 
San Francisco, CA 





(41 ~ 821-6881 
: Circ ie No. 302 


“Super Circle Number 


standard from both of the organizations listed in this 


For more information on the smart-sensor interface 


box, you need only circle one number on the postage- 


paid reader service card. - 





form (Fig 1—2), suitable for network 
adaptation by the network processor. 

As Fig 1 shows, three levels of sensor 
smartness, or completeness, are possi- 
ble. The transducer has no smartness at 
all and simply translates the sensed 
quantity into an analog signal. The 
smart sensor/actuator has onboard A/D 
conversion and an electronic data 
sheet. The networked smart sensor/ 
actuator has the features of the other 
two and also contains the adapter, and 
possibly application-specific software, 
for the network. 


Benefits to the user 

A smart-sensor standard will offer 
compatibility with the majority of con- 
trol networks suitable for analog out- 
put sensors, such as pressure sensors, 
and actuators, such as proportional 
valve. The standard will eliminate the 
need to develop new network hard- 
ware, allowing you to develop stan- 
dardized software. You can easily trans- 
port this software to different 
networks. The development effort to 
produce the first network interface for 
the analog-output sensors/actuators 
will drop by about 50%. This drop will 
result in a 90% reduction in the devel- 
opment effort for subsequent network 
interfaces for the same sensors/actua- 
tors. The standard will also establish 
plug-and-play compatibility between 















Circle No. 303 


sensors and networks, allowing inter- 
faces of given sensors/actuators to dif- 


ferent networks. EDN 
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AC to DC Switchers 


High Performance e Quick Delivery ¢ Low Price 


© Low Profile © Up to 600 Watts 
© Autoranging Input 
© Low Noise © Up to 3 Outputs 


QUICK! 









CHEEP! 
x 








Component Solutions For Your Power System 
Vicor Corporation Vicor Corporation/Westcor Division Vicor Europe Vicor Asia-Pacific 
Andover, MA USA Sunnyvale, CA USA Munich, Germany Taipei, Taiwan 
TEL: (508) 470-2900 TEL: (408) 522-5280 TEL: +49-89-329-2763 TEL: +886-2-708-8020 
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YOU CAN HELP SET THE STANDARD 


Before the workshop at the Sensors Expo (May 1995, Boston), input. Your participation can enhance the statistical significance 
the IEEE and NIST issued an information-gathering question- _ of the response by providing a larger population. Please check 
naire to a select population. The form focused on the needs and __ all responses that apply, and fax a copy to Roger Grace, at Roger 
desires of sensor designers. The IEEE and NIST also want your Grace Associates: (415) 641-6156. 


1. Respondent Information 

a. Name b. Title 
c. Company : f. Phone 
d. Division g. Fax 

e. Address h. E-mail 


2. What applications do you/your company address? 


Automotive (1) Industrial controls (4) Instrumentation (7) 

Medical (2) Process control (5) Telecommunications (8) 

Consumer (3) Factory automation (6) Semiconductors (9) 

Other (10) 
3. What is/will be your company’s primary involvement in smart-sensor or smart-actuator interfacing? 

Sensor manufacturer (1) System integrator/VAR (5) 

Actuator manufacturer (2) Specifying engineer (6) 

IC manufacturer (3) End user (7) 

Control-system manufacturer (4) Other (8) 
4. What parameters do you need to measure, and in what format? 
Parameter On/Off Analog Digital 
Pressure and derivatives : (1a) (1b) (1c) 
Acceleration and vibration (2a) (2b) (2c) 
Flow (3a) (3b) (3c) 
Level (4a) (4b) (4c) 
Temperature (Sa) (Sb) (Sc) 
Position/proximity/presence (6a) (6b) (6c) 
Chemical (7a) (7b) (7c) 
Humidity/moisture | (8a) (8b) (8c) 
Mass (9a) (9b) (9c) 
Force (10a) (10b) (10c) 
Vision (11a) (11b) (11c) 
Barcode (12a) (12b) (12c) 
Other (13a) (13b) (13c) 


5. What output signal do your products currently offer, and what are your plans for the future? 


Now In three years Examples 
(1a) (1b) Low-level output 0 to 50 mV 
(2a) (2b) Voltage, fixed 1 to 6V 
(3a) (3b) Voltage, ratiometric 0.5 to 4.5V; SV supply 
(4a) (4b) Current 2-wire, 4 to 20 mA 
(Sa) (Sb) Frequency 1 to 10 kHz 
(6a) (6b) Pulse width 10 to 90% 
(7a) (7b) Digital I?C, Microwave, SPI 
(8a) (8b) Network DeviceNet, LonWorks, SDS 
(9a) (9b) Other 
6. Which of the following functional features do you think are important to address in the proposed standard? 
Redundancy (1) Network sense of time (4) 
Security (2) Support for the downloadable functionality (5) 
Extensibility (3) Other (6) 





7. Given that the proposed standard is to be an information model, which of the following functional 
features are important to you? 

Uploading/downloading applications (1) 

Security provisions (2) 

Data in the model must be based on standard encoding (3) 

Data in the model must be mapped onto existing data structure (4) 

No opinion (5) 


54 = EDN JUNE 22, 1995 





TE | Desicn Feature 


8. What portion of the information base must reside in the sensor? 


List of object Yes (1a) . No (1b) No opinion (1c) 
Object description Yes (2a) No (2b) No opinion (2c) 
Pointer-to-object description Yes (3a) No (3b) No opinion (3c) 


No preference 





9. Would you use an interface if defined at Level 1, 2, 3, or 4 (Fig 1)? 


Level 1 Yes (1a) No (1b) 
Level 2 Yes (2a) No (2b) 
Level 3 : Yes (3a) No (3b) 
Level 4 Yes (4a) No (4b) 





10. With reference to the definitions in Fig 1 for transducer, sensor/actuator, and networked smart sensor, 
what is your current and expected relative usage of these devices? 


Today In three years 

Transducer % (1a) % (1b) 
Smart sensor/actuator tA 2a) 9 (2D), 
Networked smart sensor Beit oa) se 2O(3R) 
11. What savings would you expect to realize as a result of implementation? 

0% (1) 25 to 50% (4) 

1 to 10% (2) >50% (5S) 

10 to 25% (3) Don’t know (6) 


12. What are the key benefits for systems and processes that you expect to achieve with the proposed standard? 
Check each in order of importance. 

Low Meduim High 
Enhanced diagnostics 
Ease of system design 
Preventive maintenance 
Reduced wiring installation costs 
Ease of expandability/reconfiguration 
Other 





HT 
anaes 





13. If you or your company has a plan for using or making communications networks at the sensor/actuator level, 
what are you working toward? 

An open-system architecture (1) 

A proprietary (closed) architecture (2) 

No specific plan (3) 


14. The proposed standard would operate over multiple underlying networks. List the one(s) you would prefer to 
see supported, in order of priority. 


Priority 1 ga ee  veas eC) 
Priority 2 iid insect ee P 
Priority 3 Sere se AS) 


15. Do you view the proposed development of this standard necessary in light of the activities of other standards 
committees, such as Fieldbus, IEC, ISA, and NEMA? 
es Wes (1) geet INO. (2) 


16. Do you agree with the general functional features/architectures proposed by the IEEE/NIST committee? 
J ees EL) : in NO ee) 


17. Would you personally serve on the standards committee? 
A SE) 2g 2 NG (2) 


18. May we contact you for further discussion? : 
Yes (1) No (2) 
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INTRODUCING THE NEW 
STANDARD FOR 
LOW VOLTAGE LOGIC. — 





AND THE LOGIC BEHIND IT. — 


Therefore. The LCX 
family is not only. the new 


Let’s make this as 


logical as we can. 
















One. The new standard logic solution but 


standard for low an ideal one for both pure 


voltage logic is 3.3V and mixed voltage 
brought to you by systems, from notebooks, 
the high-powered handheld instruments and 
semiconductor PDAs to PCs, workstations 


companies that and telecom. 
founded the Low 
Voltage Logic Alliance. 
Namely, Motorola, National 
and Toshiba. 


Two. The new standard 


To get your hands 


on complete technical 





for low voltage logic is the Proof that low power doesn’t have 


to mean low speed, the LCX family 


LCX family of CMOS 3.3V zips along at a formidable 4.5ns 
logic! The LCX family to 6.5ns max propagation delay. 
consists of a wide range of [ia . ore information, we offer yet 


another standard solution. 
The telephone. Call the 
Three. All LCX devices are Low Voltage Logic Alliance’ at 
optimized for low voltage 1-800-456-3717. And start setting 
operation. All deliver 5V tolerance some new standards of your own. 


on both inputs and outputs. All 





consume mere microamps of 
The LCX family of low voltage logic from 








Motorola, National, or Toshiba offers static power. And they all zip along 
3. elaborate Aiuiet pole at an astounding 4.5ns to 6.5ns. 
byt bolle traits ata OME ES Four. The LCX family offers 
devices that offer an excellent the most popular logic functions; 
combination of 5V to 3.3V including gates, MSI, 8-bit & 
translation, speed, low power 16-bit devices. Packaging options 
and low cost. include SOICs, SSOPs and TSSOPs. 


©1995 The Low Voltage Logic Alliance. All corporate logos are registered trademarks of their respective companies. (1) Motorola, National and Toshiba 
independently manufacture and market their own product lines to mutually agreed upon specifications. (2) Inquiry information will be provided to each manufacturer. 
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4PPM 


IrDA-FIR 


EUTUGETALIs 





=NG 


The LT1319 supports IR protocols up to 4MBaud. 


Does your IR receiver speak IrDA™-FIR? How about 
4PPM or Sharp/Newton? To handle the growing number 
of infrared communication standards, use one solution: 


the LT®1319 " 





DATA 


Input referred noise is a low 2pA/VHz which pro- 
vides high sensitivity and allows link lengths up to 
2 meters. The 7MHz bandwidth supports data rates as 
SUPPORTED | Jiguas4MBaud. The 














wee §=6Maultiple PROTOCOL RATE BY LT1319? LT1319 operates from a 
Actual Size | Modulation IrDA-SIR 115.2kBaud YES single 5V supply and in 
Standard Infrared Receiver. | !rDA-FIR* 1.15MBaud YES shutdown, supply current 
The LT1319 is acomplete | !rDA-4PPM* 4MBaud YES drops to 500pA. 
receiver with a photodiode | SHARP/NEWTON 38.4kBaud YES The LT1319 comes ina 





APPLE MODULATED 


preamplifier (15k@trans- | (OcarrarK 


230kBaud YES 


narrow 16-pin surface- 





impedance), two gain TV REMOTE CONTROL 


562 Baud YES 


mount package. Pricing in 





channels and two on-board 
comparators (25ns and 
60ns). It’s flexible enough to handle data rates from | 
TV remote and SIR all the way up to FIR and 4PPM 
(4MBaud). Optional external filtering permits rejection 
of high frequency fluorescents and reception of carrier- 
based protocols like Sharp/Newton ASK. 





*FIR and 4PPM are higher data rate extensions of IrDA-SIR. 





LINAR 


TECHNOLOGY 


FROM YOUR MIND TO YOUR MARKET 


1000-piece quantities starts 
at $3.80. 

For more details on the multi-protocol solution for 
IR applications, contact Linear Technology 
Corporation, 1630 McCarthy Blvd., Milpitas, CA 95035. 
408-432-1900. Fax: 408-434-0507. For literature only, 
call 1-800-4-LINEAR. 


4, LTC and LT are registered trademarks of 
Linear Technology Corporation. 
IrDA is a trademark of the Infrared Data Association. 


Please call me. Circle No. 75 


Send more info. Circle No. 76 


AND EVERYTHING IN BETWEEN. 
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Programmable current source powers charger 


CHESTER SIMPSON AND FRED HAMILTON, NATIONAL SEMICONDUCTOR, SANTA CLARA, CA 


The circuit in Fig 1 is a digitally programmable current 
source capable of sourcing currents as high as 2.55A. The cir- 
cuit is intended for use in “smart chargers” (for NiCd or 
NiMH batteries containing as many as 10 cells) in applica- 
tions that require fast recharge cycles. A smart charger con- 
tains a wP and sufficient memory to store exact charge/dis- 
charge profiles for different battery types and sizes. Many 
smart chargers “interrogate” a battery prior to charging and 
learn its specific needs from a ROM stored within the battery 
pack. The charger can thus safely charge different types of 
batteries from multiple manufacturers. 

During the charge cycle, the charger constantly monitors 
the battery, compares its state with the optimum profile, and 
adjusts the charging current to hold it on target. This tech- 
nique allows very fast charge cycles without harm to the bat- 
tery—the battery never suffers from life-reducing over- 
charge. The fundamental building block for any smart 


+Viny 
(20 TO 30V) 


LM2576T-ADJ 


D, 
: 1N4148 
V 
POWER GROUND 


IN 
RETURN 


LM340L-15 


8-BIT 
DIGITAL 

DATA 
FROM uP 


Voc "re Vrer lours 


2 
DIpTODI, pacogs32 lone 


DGND AGND | Bd 


NOTES (UNLESS OTHERWISE SHOWN): 
1. ALL RESISTORS ARE 1/4W, 5%. ALL CAPACITORS ARE IN uF. 


SIGNAL GROUND 


1 
68 wH AT 3A 


Ry 
10k 
; a 


charger is the current source used to charge the battery. The 
wish-list of features for this current source includes 
@ uP programmability 
@ good adjustment resolution with many available current 
levels 2 
@ high power-conversion efficiency to minimize charger 
heat dissipation 
@ wide input-voltage range, allowing use of an inexpen- 
sive, poorly regulated dc power source. 

In Fig 1, the LM2576 step-down (buck) dc-dc converter 
serves as a Current source to provide battery-charging cur- 
rent. The buck-regulator configuration provides good 
power-conversion efficiency. The charger operates as a con- 
stant-current source by sensing the voltage drop across R,. 
The feedback loop holds this sense voltage constant. The 
DAC0832 D/A converter provides the dc voltage to the input 
of the error amplifier (IC,,), which sets the voltage the feed- 


L 


2-TO 10-CELL 
(NiCd 
OR NiMH) 


9 
0.052, 1% 
1/2W 


a eae ae ae ee 


(DRIVE WITH 
LOGIC LOW 
TO TURN ON) 


2. ALL CAPACITORS <1 uF ARE CERAMIC; ALL CAPACITORS >1 wF ARE ALUMINUM ELECTROLYTIC. 
3. IC; REQUIRES SMALL HEAT SINK (THERMALLOY 7020 USED ON BREADBOARD). 





This programmable current source, used in a “smart-charger” configuration, can charge batteries containing as many as 10 


high-performance NiCd or NiMH cells. 





EDN JUNE 22, 1995 = 59 


back loop locks in, thus setting the charging current. 

R, and R, set the gain of the sensing amplifier IC,, such 
that a voltage of 0 to 1.22V from the output of the D/A con- 
verter produces a charging current of 0 to 2.55A in the bat- 
tery. Because 255 programmed levels are available, the charg- 
ing current can have any value from 0 to 2.55A in steps of 
10 mA. (To obtain zero charging current, pull the ON pin of 
IC, high, possibly with an open-collector output.) 


Detailed circuit operation 3 

Buck-regulator IC, chops the input voltage at a switching 
frequency of 52 kHz and varies the pulse width as required 
by the load through the action of either the voltage- or cur- 
rent-control feedback loop. L,, C,, C,, and C,, make up the 
output filter, which converts the square wave at the SW pin 
of IC, into a smooth dc voltage. Diode D, is a blocking diode 
that prevents the battery from discharging upon the removal 
of input power. Diode D, is the switching “catch” diode. 
Both diodes must be Schottky devices with at least 3A cur- 
rent rating. 

R,, IC,, and associated components form the feedback 
loop that enables IC, to function as a constant current 
source. The role of IC,, is to provide gain for the voltage 
developed across current-sense-resistor R, to correspond 
with the output of D/A-converter IC,. Full-scale charging 
current (2.55A) must match the full-scale output of the D/A 
converter (1.22V) at the inputs of the current-error-amplifi- 
er IC,,. In typical operation, the D/A converter presents a 
voltage through R, to the input of IC,,, and the feedback 
loop fixes the charging current at the set value. C,, C., C,, R,, 
and C, provide compensation for the current-control loop. 

Although the charger operates as a constant current 
source in most cases, a voltage-control loop (comprising R,, 
R,, and D,) is present to prevent the output of the charger 
from flying high if the battery disconnects from the charg- 
er. With the values shown, the maximum output voltage 
under no-load conditions is about 18.5V. The voltage-con- 
trol (from D,) and current-control (from D,) signals are in a 
wired-OR connection at the feedback pin of IC,. Either sig- 





nal can thus control the pulse-width modulation of IC, as 
determined by the amount of load current. 

With a battery connected to the charger output, the cur- 
rent-control loop supplies the feedback signal to IC, through 
diode D,. However, upon battery disconnection, no charge 
current flows, and IC,, holds its output low. This condition 
would cause IC, to go to maximum duty cycle (and hence 
maximum output voltage) if D, were not present. 

The D/A-converter is configured in its “backwards” con- 
figuration, in which the R-2R resistor ladder operates in a 
voltage-dividing, rather than current-switching, mode. The 
output voltage at V,,. varies between 0 and 1.225V in 255 
steps of 4.8 mV, corresponding to charging currents of 0 to 
2.55A. IC, provides a constant 12V for IC,. As IC, requires 
only a few milliamps to operate, the power dissipation in IC, 
and IC, is negligible. 


Construction hints 

Keep all leads and traces connected to the power ground 
(preferably a ground plane) as short as possible. Also, con- 
nect the ground lead of D, as close as possible to the ground 
connection of C,. Tie the low-current signal-ground leads 
together, then connect them to power ground at a single 
point very near the ground connection of IC,. Keep the leads 
of R, and C, as short as possible, and connect them very near 
the pins of IC,. Connect the sense leads that drive IC,, direct- 
ly to the ends of R, to prevent errors from voltage drops in 
copper traces carrying the battery’s return current. 

Although the power-conversion efficiency of the circuit is 
high (84% with 25V input, 13V battery voltage, and 2.55A 
charging current), you'll need a small heat sink for IC,. Any 
heat sink whose thermal resistance is <13°C/W is adequate, 
assuming a maximum ambient temperature of 60°C. Some 
examples include Thermalloy’s 6032B, 7019B, 7020B, or 
7021B; Aavid’s 5903B or 5510B; or IERC’s LATO127B4CB. 
(DL #1715) EDN 

To Vote For This Design, Circle No. 390 


900-MHz down converter consumes little power 


RONALD MANCINI AND RAPHAEL MATARAZZO, HARRIS SEMICONDUCTOR, MELBOURNE, FL 


Most 900-MHz down-converter designs are proprietary and, 
thus, are unavailable to the industry. The designs that are 
available are usually discrete or require high voltage, which 
excludes them from the portable market. The down con- 
verter in Fig 1 is nonproprietary and suits battery-powered 
applications. Moreover, you can use the IC manufacturer’s 
pce-board artwork to get a head start. 

The heart of the down converter is a Gilbert cell, which 
consists of two long-tailed, differential-amplifier stages con- 
nected as two variable-transconductance amplifiers. Because 
the cell is constructed from the HFA3101 transistor array, the 
differential-amplifier stages are inherently matched. The 
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inherent matching also reduces distortion resulting from 
thermal effects and mismatches in transistor beta and ohmic 
resistances. With the HFA3101 configured as shown, each 
pair of bases acts as a multiplier input. Thus, if you connect 
a local oscillator and an RF signal to the two inputs, the cir- 
cuit generates the sum and difference frequencies. In this cir- 
cuit, we select the difference frequency for the down con- 
version. 

R,, R,, and R, form a voltage bias network to bias the long- 
tailed pairs; the circuit holds the bases of the current source, 
Q, and Q,, at 1V and the bases of the inputs, Q, and Q,, at 
2.5V. Setting R, at 27 yields emitter currents of approxi- 








SPDT switches with built-in driver 








ABSORPTIVE or REFLECTIVE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $14.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits’ latest innovative integrated components? 


Check the outstanding performance of these 
units...high isolation, excellent return loss (even in the 
“off” state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. 
These rugged devices operate over a -55° to 
+100°C span. Plug-in models are housed in a tiny 
plastic case and are available in tape-and-reel format 
(1500 units max, 24mm). All models are available for 
immediate delivery with a one-year guarantee. 





finding new ways ... 
setting higher standards 


SPECIFICATIONS — absorptive SPDT Reflective SPDT 


(typ) YSWA-2-50DR YSW-2-50DR 
ZYSWA-2-50DR ZYSW-2-50DR 

Frequency de- 500- 2000- dc- 500- 2000- 

(MHz) 500 2000 5000 500 2000 5000 
Ins. Loss (dB) Pe AAAS 0.9 1.3 1.4 
Isolation (dB) 42 31 20 50 40 28 
1dB Comp. (dBm) 18s 20 6-225 20 20 24 
RE riputimax dBi): 3 20r 22 22 26 
VSWR “on” tes T3855 1.4 1.4 1.4 
Video Bkthru 30 30 30 30 30 30 

(mV,p/p) 
Sw. Spd. (nsec) 3 3 3 3 =z 3 
Price, $ YSWA-2-50DR (pin) 23.95 | YSW-2-50DR (pin) $14.95 


(1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 


ge a ] | ® 
Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM  MINI-CIRCUITS’ 740- pg. HANDBOOK. 
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. pene 
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mately 5.5 mA, which is adequate to 
achieve the required bandwidth. This 
value of R, is high enough so the quan- 
tity BR, does not load the RF signal 
source. R,, and R,, terminate the tran- 
sistor bases with 500 through the 0.01- 
wF decoupling capacitors, so the capac- 
itors should be of high quality. 

All the components should be lead- 
less, with self-resonant frequencies 
exceeding 1 GHz. The output matching 
circuit comprising L., C,, and R, max- 
imizes the gain. The selection of these 
components maximizes gain while 
allowing a 500 termination; the tuned, 
medium-Q matching network yields a 
500-to-2-kO, transformation. 

With the component values and fre- 
quencies in Fig 1, the circuit down con- 
verts 900 MHz to 75 MHz by using an 
825-MHz local-oscillator signal, and it 
does so with 500 terminations. The circuit functions with 
supplies lower than 3V and draws comparatively low current 
for a down converter of this frequency. Thus, it’s well-suited 
for battery-powered systems. You can obtain the pc-board 
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LOCAL-OSCILLATOR 
INPUT (825 MHz) O—J 


IF OUTPUT 
(75 MHz) 


RF INPUT 
(900 MHz) 


This nonproprietary 900-MHz down converter is easy to configure and draws little 
power compared with circuits using discrete components. 


artwork from the HFA3101 data sheet; you need no permis- 
sion from Harris Semiconductor to use the pattern. (DI 
#1719) EDN 
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40V current source operates from -40 to +85°C 


Ray Scott, SOR INC, LENEXA, KS 


Wide-output-current-range sources that accommodate a 
wide supply and temperature range require special consid- 
eration. The basic circuit of (Fig 1) provides 1,,,, = Veg,/Rs 
typically, V,,, is 1.25V for the LM317L family. The LM317LZ 
is rated for 0 to +125°C; for lower temperature ranges, the 
LM317LBZ could be used (-40 to +150°C rating), but it is 
more costly and harder to obtain. 

Fig 2’s circuit uses commonly available components, 
including the LM317LZ, and can operate down to —40°C. It 
is designed for a current limit of 5 mA maximum. You select 
resistor R, to be ~10 times K.,, making [,,,.-1.10x1,. (in 
reality, Ijy.=lopr+ IgytI,p), SO a better approximation is 
Loe LSE: POrl.., Of sma; Lo is 40 ain. B..Is Vi /! 
so 1.25V/4.35mA=2870, and R,=10XR,,,=2.87 kQ. In this 
case, R, and R,,,. are standard 1% values and [,,,, does equal 
5 mA. In cases that are not exact, select R, as close to the cal- 
culated value as possible and vary it to trim in the correct 
value of I... (Don’t stray too far from the 10:1 ratio of R, to 
R 


SET’ 


OUT’ 


<n C@Ush.) 

The temperature coefficient of D, offsets that of the 
LM317LZ, so a temperature range of —40 to +85°C will alter 
the current limit less than +100 pA for the 5-mA limit 
shown. This works for currents from 2.5 to over 20 mA with 
no special heatsinking and accommodates V,,—-V,,,,, of 40V 
dc. To use the current source/limit, place an LED, zener 
diode, switch, etc. in series with the circuit as shown. V,,, 
minimum should be 3.5V plus the voltage drop of the series 
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The basic circuit above provides regulated output current but 
will not work down to -40°C because of component limita- 
tions. 


VIN 
(3.5 TO 40V) 


1N4148 





This circuit overcomes the limits in Fig 1 with low-cost com- 
ponents. 


device. Resistors of 1% tolerance were used for initial accu- 
racy and repeatability, but you could use 5% values for 
reduced cost. (DI #1721) EDN 
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A COMPLETE 20MHz FUNCTION 
GENERATOR IN ONE IC! 


No Design Needed to Produce Sine, Square, and 


Triangle Waveforms 


Designing 20MHz function generators just got easy with the new MAX038. The MAX038 produces 
modulated and unmodulated Sine, Square, and Triangle waveforms from 1Hz to 2OMHz. 
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FREQUENCY MODULATION 


2,9, 11, 18 
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e 1Hz to 20MHz Operation e +5V Supply Operation 


e Sine, Square and Triangle e 350 to 1 Frequency Sweep Range 
Waveforms e Independent Frequency & Duty- 
e 1% Distortion Cycle Adjustment 
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Hardware add-on provides mixed-format multiply 


PATRICE NUS AND VLADIMIR BOCHEV, UNIVERSITE HENRI POINCARE DE NANCY, SAINT DIE, FRANCE 


Fixed-point-DSP users are aware of 
overflow problems that frequently 
occur in current algorithms such as dig- 
ital filtering. Many solutions to prob- 
lems such as floating point or block 
floating point exist; these methods, 
however, are cumbersome and slow to 
execute on fixed-point machines. An 
alternative is to adopt a mixed-number 
format consisting of an integer and a 
fractional part. This technique is par- 
ticularly attractive for fixed-point 
processors with wide data words 
expressed in bits. An example is the 24- 
bit DSP56001 from Motorola. Fig 1 
shows a possible fit and the covered 
range for such a format. 

This representation—with one sign 
bit, seven bits for the integer part, and 
16 bits for the fractional portion—par- 
ticularly suits DSP algorithms (and 
receives implicit support from Motoro- 
la). Its advantage is straightforward use 
of the DSP’s multiplier. However, the 


DATA BUS 


APSR RED 


8D 70 6D 5D 40 3D 20 1D 


CLK 
oc 


74ALS374 





80 70 6Q 50 40 30 24 iQ 


DDD DD 
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23 0 
seed ped yey elt] > -12esns+127.99909 
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point 


This mixed-number format, with integer and fractional parts, suits fixed-point DSP 
chips such as Motorola’s DSP56001. 


—_—— FS 
INTEGER PART-14 BITS FRACTIONAL PART-31 BITS 





This format results from performing a multiply using mixed-format numbers such 


as the one in Fig 1. 


YPM c= 


CLK 
oc 
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ee dee 


This simple hardware aid speeds mixed-format multiplication using the DSP560001. 
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THE FIRST TRUE RS-485 IC 
FROM A +3.0V SUPPLY! 


Run at 10Mbps and Meet RS-485 Specs—Guaranteed! 


Thanks to its patent-pending low-dropout output stage, the new MAX3485 is the first IC to meet RS-422 
and RS-485 specifications from supply voltages as low as 3.0V. Maxim’s new +3V-powered ICs interface 
with +5V logic and are available in industry-standard pinouts. 


10Mbps at 54© Load! 
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Data 
Out 





The MAX3485 runs at 10Mbps into 54Q, easily meeting the 
1.5V outout specification. 


Choose the Ideal +3V RS-485 Transceiver for Your Design 
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format of the result is unsuitable for 
further computations (Fig 2). 

It’s necessary to reformat, but, unlike 
Analog Devices’ ADSP210x or Texas 
Instruments’ DSPs, the DSP56001 
doesn’t come equipped with a barrel 
shifter. So, the DSP56001 must execute 
the program fragment in Listing 1 to 
reformat. The whole process takes 10 
cycles, which isn’t negligible in a 
lengthy loop. The simple hardware fix 
in Fig 3 speeds this computing situa- 
tion. After a mixed-format multiplica- 
tion, you should save the result in a reg- 
ister, from which you can read it 
suitably reformatted. The program 
fragment in Listing 2 performs the 
reformatting in just four cycles. 

The circuit count is six IC packages. 


Because it’s essentially a bus circuit, you can implement it as 
an add-on in existing systems (provided the system is 
designed to accept extensions). Alternatively, you could con- 
figure the circuit using about one-third of a single Xilinx 
FPGA 2000 or 3000 Series. Using the FPGA, the circuit count 


LisTING 1—DSP CODE FOR REFORMATTING NUMBERS 


WITH FIG 2 FORMAT 


Prog 
word 
;x0.xl—-a l 1 
; repeat 7 times the "asl a” instruction 1 2 
; arithmetically shift a one bit to the left 7 


Icyc 


mpy x0,xl,a 
reps #7 
asl a 





LISTING 2—DSP CODE FOR REFORMATTING WITH 
FIG 3 HARDWARE AID 








Prog = Icyc 







word 
mpy x0,xl,a *x0.xl - a 1 l 
move a,|:(RO) ; Save a, address register RO contains $800 1 2 






move x:(RO),a ; read the mixed format result 





is two, because of the required eight-pin Xilinx serial initial- 
ization PROM (or some other popular PROM like the 27xxx 


Series). (DI #1713) EDN 
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Microcontroller watches, controls ac power 


SAMUEL KEREM, INFRARED FIBER SYSTEMS, SILVER SPRING, MID 


For monitoring and controlling a 
power circuit from a microcontroller 
(wC), Fig 1 replaces the conventional 
technique of a low-value resistor and 
differential amplifier (with gain set for 
the expected current value). A control 
line turns triac Q, on and off via 
optoisolator IC,. When an appliance is 
plugged into J, and turned on, the volt- 
age drop across Q, is independent of 
the current value and sufficient to turn 
on optoisolator IC,. The phototransis- 
tor current of IC, charges C, to a logic 
1, which is sensed by the uC. When IC, 
is on, but the device in J, is actually 
turned off (by its own switch), there is 
no current through Q,, and the sense 
line is at logic 0 because C, is dis- 
charged through R,,. 

When the y»C turns Q, off (even 
though the device in J, is still switched 
on and therefore conducting), current 
flows through pins 1 and 2 of IC,, as 


well as R, (a positive-temperature-coefficient resistor with a 
large resistance change resulting from a small temperature 
change). In this case, R, sharply increases its resistance to 
keep the current flowing through it at about 15 to 20 mA. 
However, even though C, is charging to logic 1, the wC 
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FIGURE 7 
CONTROL 
MCP302 


3 
4 


R3 
5k/480V (PTC) 
eo 


110V/60 Hz 
PS2506-1 





This circuit allows an isolated microcontroller to both sense and control ac power 
to an externally plugged-in device. The lines in boldface in the schematic are elec- 
trically isolated from the signal lines. 


“knows” the device is not really on, because it has set power 
switch Q, to the off state via the control line. (DI #1722) 
EDN 
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CMOS SWITCHES & MUXES 
GUARANTEE 3V OPERATION 


The Only Low-Voltage Devices with Guaranteed 
On-Resistance Matching/Flatness, and Low Charge Injection 





Rox vs. SIGNAL VOLTAGE Don’t sacrifice performance in your low-voltage system by Rox vS. SIGNAL VOLTAGE 
(SINGLE SUPPLY) using retested and respecified analog switches and muxes that (DUAL SUPPLIES) 
Vea were designed for high-voltage applications. Maxim's all new 90 —rt—O 
\ family of analog switches and muxes is designed to give the = 70 
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UMAX packages. vo; ....i(i(t#é 
eR 4 5 Abas Bie 25 
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The MAX391’s flat on-resistance prevents signal Prevent harmonic distortion in audio systems 
errors in high-resolution data-acquisition systems. with the MAX391’s flat on-resistance. 


Choose the Best Switch/Mux for Your 3V Application! 
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Precision T/H amplifier uses 3.3V supply — 


JOHN MCDONALD, ANALOG DEVICES, SANTA CLARA, CA 


The track-and-hold (T/H) circuit in Fig 
1 works well in applications using a 
low-voltage single supply, such as in 
battery-powered designs. Despite the 
low supply voltage, output-signal 
dynamic range remains high thanks to 
the rail-to-rail output swing of the 
amplifiers and switches. S/N ratio is also 
high because of the wide output-signal 
range and low amplifier noise. By using 
a quad JFET op amp and a quad analog 
switch, the T/H circuit also features low 
parts count (12 parts total) and small 
board real estate (with SOICs, <?/s in.?). 
Circuit parameters include acquisition 
time of less than 4.5 psec (1V step to 
1%), settling time of less than 300 nsec 
to 1%, and a track-mode bandwidth of 
40 kHz. 

During track mode, S, and S, are 
closed, and S, is open. The circuit trans- 
fer function is thus V,,,,=-2V,,. S, and 
S, open, and S, closes for hold mode. 
The hold-mode output remains con- 
stant at the output voltage that imme- 
diately preceded the hold command. 
During the transition from track to 
hold mode, S, reduces the pedestal, or 
hold-step, error by injecting the same 
amount of charge (typically 11 pC) into 
the noninverting input of IC,, that S, 
injects into the inverting input. This 
equal injection creates a common- 
mode voltage that IC, rejects by the 
amount of its CMRR. Pedestal error for 
this circuit is less than 3 mV over the entire 0 to 3.3V input 
range. Increasing C,, and C, reduces pedestal error further— 
but at the expense of increased acquisition time. 

As a result of S, feedthrough, an attenuated and undesired 
input signal appears at the inverted input of IC, during hold 
mode. S, remains open in both modes and allows 
feedthrough of the input signal to the noninverting input of 
IC,.. Because S, and S, exhibit similar feedthrough charac- 
teristics, the common-mode rejection of IC,. reduces signal 
feedthrough by more than 60 dB. Inverting-amplifier con- 
figurations in single-supply applications require a false- 
ground reference. In this circuit, R, and R, divide the supply 
voltage symmetrically, and IC, buffers the voltage and thus 
creates a low-impedance false-ground reference for the T/H 
circuit. 


| FIGURE 1 
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S,4!8 L Cy 
i 
TRACK/HOLD FG 


49.9k 

2.0k 

4.02k 

1200 pF 

68 pF 

1 uF 
1/4AD824 
1/4ADG513 


G 
(FALSE GROUND) 





This track-and-hold amplifier operates from a 3.3V supply. It has compensation cir- 
cuitry to minimize both track-to-hold pedestal and feedthrough. 


Hold-mode droop rate is proportional to parasitic current. 
Quad JFET op amps are well-suited for T/H circuits because 
of their low input-bias-current specifications (typically 3 pA 
for the AD824). By using JFET op amps and low-leakage 
(<100 pA) CMOS switches, this design keeps droop lower 
than 20 mV/sec. Higher values of C,, produce lower droop 
rates. C,, and C, should be polystyrene, polypropylene, or 
Teflon capacitors, because these types exhibit low leakage 
and dielectric absorption. The design uses metal-film resis- 
tors of 1% tolerance. Finally, using the ADGS513 CMOS 
switch simplifies the switch-control circuitry to only one 
line, because this device has two normally open and two nor- 
mally closed switches. (DI #1717) EDN 
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Signal chopping enhances bridge performance 


JEROME JOHNSTON, CRYSTAL SEMICONDUCTOR, AUSTIN, TX 


You can implement signal-chopping techniques, such as 
those found in CMOS chopper-stabilized amplifiers, at the 
system level to obtain the offset stability of chopper ampli- 
fiers. Moreover, you'll obtain the better noise performance 
of bipolar amplifiers. The bridge measurement system in 
Fig 1 uses the MIC4428 driver to “chop” the bridge excita- 
tion, with polarity reversal upon command from the system 
microcontroller (wC). The DG303 multiplexer selects either 
the bridge output or a voltage proportional to the bridge 
excitation. 

The A/D converter (operating in bipolar mode) yields a 
conversion word for each phase of the two phases of the 
excitation: one positive and one negative. The negative con- 
version word then subtracts from the positive conversion 
word to yield a result that’s free from system offsets. The wC 
computes offset-corrected samples for each of the multi- 
plexer signals: the bridge output and bridge excitation. The 


BALCO PT156 MOUNTED ON LOAD CELL 


wC then takes the ratio of these two to compute the final out- 
put conversion word, which is free of any drift in the exci- 
tation supply. 

Each time the bridge excitation or the multiplexer switch- 
es, allow time for the amplifier to settle before the 20-bit 
CS5504 A/D converter starts a new conversion. The con- 
verter can operate at speeds as high as 100 samples/sec. The 
system achieves an offset drift lower than 100 nV p-p over 
slowly varying temperature conditions, and it yields more 
than 100,000 noise-free counts at two updates/sec after aver- 
aging five conversion words. Channel 2 of the A/D convert- 
er serves to monitor the temperature of the load cell, whose 
temperature profile you can record during system calibra- 
tion. (DI #1720) EDN 
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AIN1+ CS5504 
(20 bits) 


SYSTEM 
MICROCONTROLLER 





This bridge measurement system yields the offset stability of chopper-stabilized CMOS amplifiers—but with the superior noise 


performance of bipolar amplifiers. 
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e 1st publication to discuss semicustom ICs as a design 











alternative. 

e 1st publication to research and document surface-mount 
technology (SMT) with “hands-on” coverage actually 
designing and manufacturing a surface-mount PC board 

e 1st publication to write about the implications of digital signal 
processing (DSP) which led to six DSP Directories 

¢ 1st publication to actually design, fabricate and test a 
semicustom IC and describe the process 

e Only publication to explore comprehensive tools and 
technology of the future through the Decade 90 series 

e Only publication to provide readers with a free Bulletin Board 

e Only publication to publish an annual microprocessor 
directory — 21 and counting 

° Only publication to regularly complete hands-on projects — 

16 and counting 

¢ Only publication to exclusively employ engineers as technical 
editors 

e Only publication to sponsor an annual awards competition for 
excellence and innovation in the electronics industry: the 


EDN Innovation Awards — 5 years and counting 
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Counter IC provides wait states for 8031/8051 


Y S TAM, CANADIAN MARCONI Co, OTTAWA, ON, CANADA 


When you connect a slow device to a uC, you insert a num- 
ber of wait states to extend the read or write cycle. For the 
8031 or 8051 family, however, no input is available for 
extending the cycle. So, to extend the cycle, stretch the peri- 
od of the clock connected to the wC’s XTAL1 input. In Fig 1, 
IC, is an up/down counter configured as a down counter, 
with the number of wait states preset at inputs A to D. The 
preset IC, enables the clock connected to the wC’s XTAL1 
input. 

When you address IC, with a low state on either CPU_RD 


NUMBER OF 
WAIT STATES 
SETTING 


IC. 
, CD74HCTO8 


3 
2 


CPU_ADDRESS_BUS [~;op prec 
DECODER 


IC, 
74HCTOO 


3 
CPU_WR 2 oo: 


CPU_RD 4 


or CPU_WR, pin 3 of IC, switches high and allows IC, to start 
counting down. Pin 6 of IC, goes high to stretch the clock 
period. When counter IC, reaches zero, pin 12 of IC, goes 
high and stops the counting. Pin 6 of IC, switches from high 
to low at the next low-to-high transition of the clock, there- 
by reenabling the clock. Certain 8031 or 8051 family mem- 
bers have a minimum requirement on the clock frequency 
which is not so for the 80CL31 and 80CLS51 from Philips. (DI 
#1718) EDN 
To Vote For This Design, Circle No. 397 
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STRETCH CLOCK PERIOD 





Use an up/down counter to configure a wait-state generator for the 8031 or 8051 ..C, which offers no input for extending 


read or write cycles. 
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e Fine Pitch Surface Mount ¢ Thru-Hole 


Call For a 
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Space Saving, Low Profile 
Surface Mount Crystal Units 
from Raltron 


Height: : 
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[E53] |Desicn Ipeas 
Design Idea Entry Blank 


Entry blank must accompany all entries. $100 Cash Award 
for all published Design Ideas. An additional $100 Cash 
Award for the winning design of each issue, determined 
by vote of readers. Additional $1500 Cash Award for 
annual Grand Prize Design, selected among biweekly win- 
ners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 

Title 

Phone 

E-mail 


Company 


Address 


Country 
Design Idea Title 


Social Security Number 
(US authors only) 


Entry blank must accompany all entries. (A sepa- 
rate entry blank for each author must accompany every 
entry). Design entered must be submitted exclusively to 
EDN, must not be patented, and must have no patent 
pending. Design must be original with author(s), must 
not have been previously published (limited-distribution 
house organs excepted), and must have been construct- 
ed and tested. Fully annotate all circuit diagrams. Please 
submit software listings and all other computer-readable 
documentation on a IBM PC disk in plain ASCII. 

Exclusive publishing rights remain with Cahners Pub- 
lishing Co unless entry is returned to author, or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 








FAX (305) 594- 3973 
(305) 593-6033 


ONLY RALTRON HAS IT ALL. 


Crystals / Crystal Oscillators 
_ Crystal Filters / Ceramic Resonators 


Your vote determines this issue’s winner. Vote now, 
by circling the appropriate number on the reader 
inquiry card. 





EIGH HT | 
13. 1.3mm 
(1 O mm max. available) 







The winning Design Idea for the November 10, 1994, issue 
is entitled “Oscillator keeps THD below 1 ppm,” submitted 





Le natural standoff. 
20 mm height available. 






by Jeff Smith of Analog Devices (Wilmington, MA). 
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The LTC1392: Temperature and Voltage Measurement 


IN a Single Chip — Design Note 106 
Ricky Chow and Dave Dwelley 


Introduction 


The LTC°1392 is a new micropower, multifunction data 
acquisition system designed to measure ambient tem- 
perature, system power supply voltage and power supply 
current or differential input voltage. No external compo- 
nents are required for temperature or voltage measure- 
ments, and current measurements can be made with a 
single low value external resistor. An on-board 10-bit A/D 
converter provides a digital output through a 3- or 4-wire 
Serial interface. Supply current is only 350A when per- 
forming a measurement; this automatically drops to less 
than 1yA when the chip is not converting. The LTC1392 is 
designed to be used for PC board temperature and supply 
voltage/current monitoring or as a remote temperature 
and voltage sensor for monitoring almost any kind of 
system. It is available in SO-8 and DIP packages allowing 
it to fit onto almost any circuit board. 


Measurement Performance 


Wafer level trimming allows the LTC1392 to achieve 
guaranteed accuracy of +2°C at room temperature and 
+4°C over the entire operating temperature range. The 
10-bit A/D converter gives 0.25° resolution over the 0°C to 
70°C (LTC1392C) or -40°C to 85°C (LTC1392I) range. 
Temperature is output as (ADC code/4) — 130°C with a 
theoretical maximum range of - 130°C to 125.75°C. Figure 
1 shows the typical outputtemperature error ofthe LTC1392 
over temperature. 


In supply voltage monitor mode, the A/D converter makes 
a differential measurement between the 2.42V reference 
and the actual power supply voltage. Each LSB step is 
equal to approximately 4.727mV, giving a theoretical 
measurement range of 2.42V to 7.2V. The LTC1392 has 
guaranteed accuracy over a voltage range of 4.5V to 6V, 
with a total absolute error of +25mV or +40mV respec- 
tively, over the commercial or industrial temperature range. 


06/95/106 


LTC1392C 
GUARANTEED 


TEMPERATURE ERROR (°C) 





TEMPERATURE (°C) 


DN106 * F01 


Figure 1. Output Temperature Error 


Voltage is output as (ADC code x 4.727mV) + 2.42V. 
Figure 2 shows typical integral and differential nonlinearity 
performance of Vcc measurement. 


The differential voltage input mode can be configured to 
operate in either 1V or 0.5V unipolar full-scale mode. Each 
mode converts the differential voltage between input pins 
V*andV~ directly to bits with the output code equal to ADC 
code x (full scale/1024). The 1V mode is specified at 8 bits 
accuracy with the eighth bit accurate to+0.5LSB or+2mV, 
while the 0.5V full-scale mode is specified to seven bits 
accuracy +0.5LSB, giving the same +2mV accuracy. The 
differential inputs include a common-mode input range 
including both power supply rails allowing them to be used 
to measure the voltage across a sense resistor in either leg 
of the power supply. They can also be used to make a 
unipolar differential transducer bridge measurement or to 
make a single-ended voltage measurement by grounding 
the V pin. 


J, LTC and LT are registered trademarks of Linear Technology Corporation. 
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Figure 2a. Differential Nonlinearity, Power Supply 
Voltage Mode 


peat: 
fom] 


© 
on 


| 
© 
on 


INTEGRAL NONLINEARITY ERROR (LSBs) 
ion] 





=16 
256 320 384 448 512 576 640 704 768 832 
CODE 


DN106 ¢ F02b 


Figure 2b. Integral Nonlinearity, Power Supply 
Voltage Mode 


The serial interface in the LTC1392 allows all of its func- 
tionality to be implemented in an 8-pin SO or DIP package 
and makes connection easy to virtually any MPU. Four pins 
are dedicated to the serial interface: active low chip select 
(CS), clock (CLK), data input (Dj) and data output (Doy7). 
The Dy pin is used to configure the LTC1392 for the next 
measurement and the Doyt pin outputs the A/D conver- 
sion data. The Djy pin is disabled after a valid configuration 


word is received and the Doyt pin is in three-state mode 
until a valid configuration word is recognized, allowing the 
two pins to be tied together in a 3-wire system. The serial 
link allows several devices to be attached to a common 
serial bus, with separate CS lines to select the active chip. 


Typical Application 

A typical LTC1392 application is shown in Figure 3. A 
single point “star” ground is used along with a ground 
plane to minimize errors in the voltage measurements. The 
power supply is bypassed directly to the ground plane with 
a 1uF tantalum capacitor in parallel with a 0.1uF ceramic 
Capacitor. 





DN106 « F03 


Figure 3. Typical Application 


Conclusion 


The LTC1392 provides a versatile data acquisition and 
environmental monitoring system with an easy-to-use 
interface. Its low supply current, coupled with space- 
saving SO-8 or DIP packaging make the LTC1392 ideal for 
systems which require temperature, voltage and current 
measurement while minimizing space, power consump- 
tion and external component count. The combination of 
temperature and voltage measuring capability on one chip 
make the LTC1392 unique in the market providing the 
smallest, lowest power multifunction data acquisition 
system available. 


For literature on our A/D Converters, 
call 1-800-4-LINEAR. For applications help, 


call (408) 432-1900, Ext. 525 
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Self-calibrating ADCs offer 
accuracy, flexibility 


SEAN O’LEARY, ANALOG DEVICES INC 


An important issue in A/D system-gain errors (Fig 1). 


design is how to achieve sys- Using converters with built-in calibration Converters with such cali- 
tem accuracy. You need to . . . : bration provide cost and per- 
look at minimizing errors in Sases design of an analog signal chain with formance advantages over 
the analog signal path from greater accuracy and fewer calibration-relat- conventional ADCs. An RC 


network on the analog input 
pins that filters out noise 


its source through the ADC. 
System-offset and system- 


ed components. This calibration affects what 


gain errors describe path [RAUNGIR CMe ree ice arclalemerclai amelie may introduce a gain error 
errors, and ADC-offset, con- the hardware and software effort required. on the analog input voltage. 





verter-gain, and converter- However, system calibration 
linearity errors describe can remove this gain error. 
errors within the ADC. ADCs with calibration capability offer advantages that go 
An ADC with built-in calibration features simplifies your beyond performance and the system-design implications. 
circuitry and eases your ability to correct system-offset and The vendor can achieve a lower cost design and fabrication 


FIGURE 1 ADC WITH 


NO CALIBRATION FEATURES 


VREF1 


SIGNAL IN 


ADC WITH 
CALIBRATION FEATURES 


SIGNAL IN 


WRITE CALIBRATION 
COEFFICIENTS TO 
ADC 








This analog signal path uses an ADC with and without self-calibration features ((b) and (a), respectively). In (a), the proces- 
sor controls various trim inputs to the scaling and gain amplifiers and as multiplexers, switching in inputs to compensate for 
errors. 
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SELF-CALIBRATING ADCs 


process in which calibration, rather 
than inherent design, removes the 
errors. This capability reduces the cost 

of the device for the user, shortens the 


converter’s design cycle, and provides a 
wider selection of converters for the 


ANALOG DIGITAL 


design window. COMPARATOR 

You can program the ADC to the OUTPUT 
analog input range in your system REGISTER 
entirely in software, which saves com- 
ponents and space. Therefore, you do oe 
not have to worry about having your ARRAY 


analog input range correspond to the 
voltage the converter data sheet speci- 
fies. You do not have to calculate the 
drift of critical parameters and specifi- 
cations over temperature. Many data- 
sheet specifications are normally given 
only at nominal temperature, such as 
25°C, along with a TC-drift value. 
Instead of spending time calculating 
error budgets and performance at the 
temperature extreme, the calibrating 

converter automatically adjusts to the 
new temperature without needing cal- 
culations. A sampling ADC shows calibration-related functions and a controller. 


MULTIPLEXER 





INSPIRED BY CONVENIENCE. 
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Converters implement calibration 
using either analog or digital tech- 
niques, depending on the internal 
architecture. Sampling converters are 
more compatible with calibration in 
the analog domain, and sigma-delta 
converters suit calibration in the digital 
domain. 

In Fig 2, the sampling converters 
contain a capacitor DAC architecture, 
rather than a conventional R-2R ladder 
structure. When the device performs a 
calibration, the calibration controller 
in the digital section of the ADC adjusts 


the analog section of the ADC. || FULL-SCALE 
In contrast, the sigma-delta convert- GOEFFICIENTS peas ubptlaaae 
er core is a 1-bit converter with a mod- mete ea cena 
ulator that produces serial data. The 
modulator feeds the data into the digi- — oe 
tal filter. The converter designer can _ CALIBRATION CONTROLLER 
easily use some of the digital circuitry 
to perform calculations related to the 
calibration (Fig 3). As in the sampling pe 
convert er, th e calibrati on contr oll er iS a -_ a : a i = 
part of the digital section of the ADC. A sigma-delta ADC shows that most of the calibration-related circuitry consists of 
Although the two converter archi- registers for storage of coefficients. 


ANALOG DIGITAL 
INPUTS 


Eo £8 DIGITAL OUTPUT 
eS ee en eee REGISTER 
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SELF-CALIBRATING ADCs 


tectures differ in performing calibra- 
tions, they provide similar calibration 
options. In addition, most sigma-delta 
converters have a background-calibra- 
tion feature. 

In a self-calibration, or device cali- 
bration, the part uses its own internal 
voltages to perform the calibration. In 
system calibration, in contrast, you 
have to provide the required voltages 
for the calibration sequence. System 
calibration takes out errors in the ana- 
log signal path and the ADC. Self-cali- 
bration takes out only the ADC errors. 
However, a self-calibration is easier to 
implement because you do not have to 
apply any external voltages. 

In self-calibration, the part uses an 
internal voltage for the offset voltage 
(in most cases, analog ground). You 
must apply the system-offset voltage 
across the analog input pins in system- 
offset calibration. This calibration 


You can see the effect of system-offset 
(a), system-gain (b), and system-offset- 
plus-gain calibrations (c). 
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SELF-CALIBRATING ADCs 


ensures that when you apply this offset to the input, the out- 
put of the converter is all Os (zero scale). 

System and self-calibrations provide you with three core 
features: calibration of the internal DAC; offset, or zero- 
scale, calibration; and gain, or full-scale, calibration. Various 
combinations of these core features provide different types 
of calibration (Fig 4). 


Calibration reduces error source 

Internal-DAC calibration reduces errors and improves the 
DAC linearity and accuracy. For sampling converters such as 
the AD7851/3/4/8/9 and the AD7882, each capacitor of the 
internal DAC has its own capacitor trim array (Fig 5). Switch- 
ing the capacitors in the capacitor trim array in or out adjusts 
each capacitor, starting with the MSB and continuing to the 
LSB. For sigma-delta converters, such as the AD7710/ 
1/2/3/4, linearity is determined primarily by a single capac- 
itor, so no calibration is needed for improving linearity. 

Gain calibration corrects the error at full scale. One rea- 
son to preform a system-gain calibration is because the sys- 
tem’s full-scale voltage may be different from the voltage 
that the converter normally uses. For example, the normal 
full-scale voltage for many converters is the reference volt- 
age. Another reason for doing a system-gain calibration is to 
remove reference errors, whether from an internal or exter- 
nal reference. 

After you’ve completed gain calibration, the output of the 
converter is all 1s when you apply a full-scale voltage. For 
converters with multiple gain ranges, such as the AD771X 
family, you must perform a gain calibration at the different 
gains. When you are performing a calibration, the internal 
programmable-gain amplifier is set at a specific gain—the 
gain at which the calibration is to be performed. For exam- 
ple, for a self-gain calibration at a programmable gain ampli- 
fier (PGA) gain of 128, the part provides an input full-scale 
voltage of V,,,/128 to the input of the PGA, where this 
V,,,/128 is generated internally using a digital subsampling 
technique. With a 2.5 reference voltage, the internal cali- 


2.525V ase : 


Crrim=0.1 pF 


TOTAL CHARGE Q = (C; + Co) Vo 
t>0 Qrrim= Crtrim Vnew 
(a) Qy2 = (Cy + Co +Ctrim) Vnew 





| CALIBRATION COEFFICIENT 
--- CONTROLS SWITCHES 








Trim arrays for sampling converters consist of capacitors that 
can be individually switched in or out; the offset and gain trim 
arrays are similar except they do not have the fixed MSB 
capacitor. 


bration voltage has a 20-mV nominal value. 

You can use system calibration to tailor the ADC for your 
application. You can remove offset and gain errors in the 
analog signal in the system software. However, this removal 
requires extra software-development effort. A self-calibrated 
converter, in contrast, eliminates the development effort 
and the recurring load on the processor, which can become 
significant at higher sampling rates. 

Correcting linearity errors associated with the ADC in 
your processor requires a significant amount of software and 


2. 525V AT tO 


Crrim =0.1 pF 


TOTAL CHARGE, Q IS CONSTANT, 
> Q = (C; + Co) Vo = Qrrim + Qi2 


2 Vuew =( (C1 + Ca) / (Ctrim + Ci + Ca)) Vo 


This shows calibration using charge-balance operation before (a) and after (b) the trim capacitor is switched in. 
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| Whe do you do when you need to protect 
wire, cable, hose, rods, parts, piping or other 
things from abuse or demanding environments? 

Try covering it with Thermofit tubing. 

Just slip it over whatever you’re protecting. 
For a tight conforming fit, use Raychem heat- 
shrinkable tubing. Or our dual-wall tubing, with 
built-in hot-melt adhesive, for complete sealing. 

Thermofit tubing is versatile and tough. 
Not to mention lightweight, low-profile, 
flexible, and available in a wide variety of 
sizes, materials, constructions, and colors to 
solve the problem you have. 

We have tubings to protect against abra- 
sion, rocks and gravel, sparks. Or sun, rain, 
stress and strain, solvents, hydrocarbons, and 
noise. Even tubings to discourage tampering. 

Why not be protective when we’ ve made it 
so easy? Call 800-2-RAYCHEM today for 
more information about the right heat-shrink 
tubing for you. Who better to tell you than 

the company that pioneered it? 


Raychem Corporation 


300 Constitution Drive 
Menlo Park, CA 94025-1164 
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effort to design, implement, and execute. It is easier for you 
to use the ADC to perform the offset-, gain-, and linearity- 
error corrections. Some errors, such as crossover distortion 
in audio applications and dead bands in the transfer func- 
tion of control systems, are difficult to correct in a system 
processor. The ADC can remove these errors more effective- 
ly by using the full analog input range of the ADC to con- 
vert the analog signal. 


Sigma-delta converters 

Sigma-delta converters differ from sampling converters 
only in the internal DAC portion of full calibration. The con- 
verters often have an extra feature called background cali- 
bration, which works differently for each device. For exam- 
ple, for most members of the AD771X family, background 
calibration alternates between self-offset calibration and self- 
gain calibration after every conversion. This feature allows 
the device to remove the effects of temperature drift, supply 
sensitivity, and time drift on the offset and gain of the part 

In contrast, background calibration on the AD7714 pro- 
vides just a self-offset calibration after every conversion. You 
need to explicitly execute a separate self-gain calibration to 
remove the gain errors. 

The internally stored calibration coefficients have differ- 
ent meanings in sampling converters compared with sigma- 
delta converters. For sampling converters, calibration coeffi- 
cients are binary numbers that represent the state of various 


capacitor trim arrays on the device. The nominal valu¢ 
all the calibration coefficients is one-half 1s and one-hal 
so that 50% of the capacitors in each of the trim array: 
switched in. This initial position allows for an equal incr 
and decrease in the capacitance of each DAC, offset, and 
capacitor. 

For sigma-delta converters, the calibration coefficient 
not control any physical switches or capacitors. Inst 
these coefficients numerically represent the errors due tc 
offset and gain. The offset calibration coefficient is subt 
ed within the converter from the word (typically, 24 
long for the AD7714) coming from the digital filter. 
gain-calibration coefficient is then multiplied by this r 
to give the final digital result that appears at the outpu’ 

You can read or overwrite the calibration coefficient 
most converters with calibration. Reading allows yo 
check how far off your converter is, which detects any § 
malfunctions of the converter or signal path, and to c 
on the actual span of your analog signal. Writing to the 
ibration registers lets you alter the calibration coeffic: 
and, thus, tailor them for a specific application. For e? 
ple, you may have an offset or gain error (or both) in 
system. Yet, you may not want to include extra circuitr 
switching in the system offset and gain voltages. 

Your system does not have to go into calibration moc 
each power-up or reset. You can design your system so 

(continued on p. 
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The internal circuitry that implements | 
calibration is different for sampling 
ADCs and sigma-delta ADCs. In sam- 





comparator. 


pout of a comparator, ond the ‘caliora. 
tion controller reads the mpue of this 








occurs feduces the voltage on the Ce 
~ mon node to 2. SV, so the eee 
and C, match. 
The controller needs to switch out 





pling converters, such as the AD785X 
series, the internal DAC is calibrated by 
switching in or out capacitors in a capac- 
itor trim array. The absolute values of the 
capacitors, which are difficult to control 
in IC fabrication, are not critical. The 
ratio of the various capacitors to each 
other in the DAC is critical, however, 
because mismatch in the capacitors pro- 
duces calibration errors. Fortunately, this 
ratio is much easier to control. 

The calibration controller determines 
how many capacitors in each trim array 
need to be switched in or out. Charge in 
the DAC is constant for a given input 
voltage, and, when the input voltage is 
sampled, a charge balance takes place. 
This charge balance serves as the basis 
for internal calibration. All the capacitors 
in the DAC have one end connected to 
~acommon node and the other to ana- 
log ground (node A for Figs 2 and 5). 
The common node is connected to the 
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When the converter performs sslibre: : 


tion, the input of the comparator | must 


be at a certain voltage to ensure that the - 
being compared are — 
matched. The calibration controller — 
- the input voltage is sampled ag 
There are now fewer capacitor: 
charge than before, so the voltage 


capacitors 


monitors the voltage on the common 


node, via the digital output of the com- © 
_ parator. Because the charge i is constant, - 


the voltage on the common node can 
be reduced by switching in one of the 
capacitors, such as C,, in the capacitor 
trim array associated with the capacitor 
(Fig 6). 

The calibration controller initially 
samples 5V on C, alone. If C, and C, 
were perfectly matched, the voltage 
would be 2.5V after the charge distribu- 


tion. Instead, the voltage on the com- 


mon node is at 2.525V, so the capacitor 
from the capacitor trim array is switched 
in, and the charge gets distributed to the 
trim capacitor (CTRIM) and capacitors 
C, and C,. The charge balance that 


_ trim capacitor to increase the voltage 


the common node. This switching c 
not alter the voltage because the che 
is lost by disconnecting the CTRIM, 


the common node increases comps 
with when the CTRIM was pee 
switched in. 

For the sigma-delta converters, n 
of the calibration implementation is 
ital. The main functional blocks reli 
to calibration are the adder, multir 
and calibration controller. You can 
instruct the system processor to dire 


read or write the registers that store 


calibration coefficients, to overrid: 
crosscheck any calibration values dé 
mined by the converter itself. 
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Flash Mass Storage: 


the universal storage solution 


Flash mass storage 
outstrips all other 
memory technologies 
for compatibility, 
ruggedness, reliability, 
capacity, smaller size 
and lower power 
consumption. And one 
company has the 
enabling technology for 
industrial, consumer, 
computing and commu- 
tions applications 
mass stor- 






























Markets on the Move 


n the 1990s, computing has become a pervasive phenomenon, 

expanding beyond the boundaries of desktop, notebook and 

mobile PCs to encompass a wide range of portable digital 
devices for communications, consumer electronics, computing and 
industrial applications. These devices include an expanding array of 
handheld data collection and inventory systems, pagers, cellular 
phones, embedded controllers, medical monitors, and navigation 
systems. In addition, a range of other compact, mobile electronic 
products continue to broaden our productivity, efficiency and 
application horizons. 


These devices face a specific 
shared set of challenges that are 
markedly different from those faced 
by desktop computers. They 
require information storage devices 
that can withstand rough handling. 
They must be capable of operating 
for many hours with minimal power 
consumption, often relying on just 
two AA batteries which must be 
used for extended periods of time 
without recharging. They must pro- 
vide a way to easily exchange infor- 
mation between each other and a 
variety of systems including the 
desktop PC. And, they must offer 
compact size and small form 
factors, while at the same time 


keeping pace with application 
demands by extending their memo- 
ry capacities to store increasing 
amounts of data. 

standard rotating hard disk 
drives, while ideal for office and 
desktop environments, are not a 
feasible alternative for many of 
today's portable, handheld, commu- 
nications and industrial appli- 
cations. Hard disk drives employ 
rotating media with moving, mech- 
anical parts. Because of this, they 
are not rugged enough to perform 
reliably under the various environ- 
mental conditions (shock, vibration, 
temperature, humidity, altitude, etc.) 
that many of today’s applications 
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Flash Mass 
Storage 
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Computing Communications 


must contend with. In addition, 
even the most energy efficient rotat- 
ing disk drives consume approx- 
imately ten times more power than 
solid-state memory, quickly 
drawing down the battery charge of 
portable equipment. 

To meet these requirements, 
some system designers have 
turned to static random access 
memory (SRAM) technology. But 
SRAM memory cards require built- 
in batteries limited to a shelf life of 
only a year or so; when the built-in 
battery dies, all data contained on 
the card is lost. SRAM capacities 
rarely exceed 1 MB in real-world 
application usage, due to the high 
cost of SRAM implementations. 

There is one data storage 
technology, however, whose char- 
acteristics and features fit the 
requirements of the portable digital 
device. That technology is Flash 
mass storage—tailored specifically 
for low-power, portable, data-inten- 
sive applications that must with- 
stand a variety of rugged environ- 
mental conditions. Flash memory 
is non-volatile, enabling it to retain 
indefinitely any files written into it. 
No battery is required to retain 
stored data, and minimal power is 
drawn from the host computer 
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essentially only during read or write 
operations. 


Flash Mass Storage: 
Beyond Linear Flash 


Flash memory first appeared in 
the industry in the late 1980s, and 
soon made its mark as a viable 
alternative to ROM and EPROM 
memory implementations because 
of in-system reprogrammability. 
Flash currently offers lower cost and 
higher capacity when compared to 
SRAM memory solutions. Flash 
price is also dropping well below 


the cost of DRAMs. 

Today, there are two types of 
Flash memory technology in the 
market: one is socket Flash (which, 
when used in memory cards, are 
called linear Flash cards), while the 
other is Flash mass storage. There 
are significant differences between 
the two. 

socket Flash—designed initially 
to be a socket replacement for 
standard EPROMs—is delivered in 
the form of a memory chip embea- 
ded in the system. 

This chip stores the computer's 
firmware (operating systems, 
system BlOs, etc.), much of which 
typically needs to be updated—i.e., 
erased and written to infrequently. 

While socket Flash is appropriate 
for “read mostly” operations, signifi- 
cant problems arise when socket 
Flash chips are used in memory 
cards as a mass storage device. 
Typically partitioned into 64KB 
blocks, all bits in one block are 
erased simultaneously and the 
erase time is slow—typically one 
second. DOS files on the other 
hand are stored in 512 Byte blocks 
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which is the size of a sector on a 
rotating disk drive. In addition, 
manufacturers of linear Flash cards 
employ different proprietary 
architectures to write and erase 
their Flash chips. 

As a result, linear Flash cards 
have a difficult time trying to 
emulate the mass storage function 
of a disk drive, are not fully DOS 
compatible or platform indepen- 
dent, and exhibit dramatic 
performance degradation when 
filled close to maximum capacity. 

By comparison, Flash mass 
Storage solutions from SunDisk 
Corporation are based on an archi- 
tectural approach targeted at appli- 
cations that feature a high inci- 
dence—sometimes ranging into the 
hundreds of thousands—of memory 
erases and writes. This ability makes 
SunDisk’s Flash mass storage a 
Superior alternative to linear Flash for 
dynamic, data-intensive applica- 
tions, where information is frequently 
being changed and updated. 

SsunDisk’s Flash chips are built 
using 512 Byte data sectors, each 
of which can be individually erased 
in as little as one millisecond—sig- 
nificantly less than the 10 millisec- 
onds latency typically found in rotat- 
ing disk drives. Because of this, 
sunDisk’s controller completes a 
sector erase operation as part of 
each write operation without signifi- 
cantly impacting performance. By 
partitioning the Flash arrays into 
512 Byte sectors, 100% DOS com- 
patibility and full emulation of the 
industry-standard file structure for 
disk drives are achieved. 

In addition, SunDisk’s Flash 
mass storage offers substantially 
higher storage capacities 
compared to any other Flash solu- 
tion, ranging from 1.8 MB to as high 





A World of Applications 


lash mass storage is a non-volatile, 
Fess: reliable, compact, high- © 
capacity, low-power data storage 
technology, making it ideal for systems 
that must withstand physical abuse and 
operate under low power. A range of indus- 
trial, medical, avionics, point-of-sale, consumer 
electronics, communications and other portable 
applications are now using Flash solutions to meet 
their highly specific requirements. “a 

SunDisk’s customers provide a wealth of application examples. 

The company’s Flash mass storage products are now being employed in a 
range of in-flight computer systems, and are being designed into navigation 
systems for automobile and marine applications. A number of OEM 
customers have designed SunDisk Flash mass storage solutions into handheld 
terminals intended for use in inventory control, field data collection and | 
scanner applications. Heart monitors and other medical systems employ the | 
technology to allow patients to record and monitor their own health status 
rather than having to go to the hospital. Global communications companies 
are using SunDisk solutions for cellular switching and PBX stations, and net- 
works are using them for software configuration and upgrades. And the 
technology is seeing widespread use in a range of trucking, railway and farm 
equipment applications for diagnostic, GPS and routing systems. 

Whether implemented as an embedded drive (FlashDrive) or a removable 
PC Card ATA card (FlashDisk), SunDisk’s mass storage solutions offer business 
card-sized form factors that are ideal for the ever-shrinking portable applica- 
tions arena. FlashDisks enable users to store all of their information files— 
data, voicemail, video clips, e-mail, photographs and images, for example—on 
a portable device small enough to fit in a pocket. And SunDisk’s new match- 
book-sized CompactFlash cards have emerged as an ideal storage solution for 
small-form-factor systems that need high capacity, removable mass storage 
and PCMCIA connectivity, but are too small to accept a standard-size PC card. 
These include such emerging applications as film for digital cameras, fax 
capability in cellular phones, voicemail in pagers, audio recorders, personal 
communicators, musical instruments and interactive TV set-top boxes. 


as 175 MB. Stacker™ data com- 
pression software is available as an 
option, and effectively doubles 
these capacities up to 350 MB. 
And SunDisk’s Flash mass storage 
doesn't share linear Flash’s incom- 
patibility and interface problems. 
Designed to comply with the PC 


Card AIA industry standard and 
provide forward and backward 
compatibility with previous and 
future generations, SunDisk’s Flash 
mass storage offers a degree of 
flexibility, interoperability and data 
reliability that is unmatched by any 
other mobile mass storage solution. 








ATA vs. Non-ATA 


ATA 
(SunDisk FlashDisk) 


@ Open industry standard 
™@ Guaranteed forward & 
_ backward compatibility 
® Guaranteed interoperability 


@ Guaranteed reliability 
Non-ATA 


(Linear Flash Cards) 


@ Closed proprietary 
architecture 


® Compatibility issues 
@ Reduced performance 





SunDisk: 
The Flash Mass 
Storage Pioneer 


No company has had a bigger 
impact on extending the frontiers of 
Flash mass storage technology and 
its applications than SunDisk Corpo- 
ration. Based in Santa Clara, CA, 
the privately held SunDisk has 
focused exclusively on Flash mass 
storage since its founding in 1988. 
This focus has enabled the compa- 
ny to become the world leader in the 
Flash mass storage marketplace. 

According to market research firm 
BIS Strategic Decisions, SunDisk 
shipped 41% of all worldwide Flash 
mass storage cards in 1994— 
almost three times the amount of its 
closest competitor. 

sunDisk’s sole focus has always 
been on Flash mass storage 
technology, which enables the com- 
pany to move quickly from one gen- 
eration of Flash mass storage solu- 
tions to the next. SunDisk has 
concentrated on developing a 
unique data storage subsystem 
based on the combination of propri- 





etary Flash technology—developed 
from the ground up—and a unique 
controller architecture. 


Intelligent Controller: 
Compatibility and 
Ease of Use 


Compatibility with industry stan- 
dards is a significant issue in the 
marketplace. Linear Flash cards will 
operate only on computers that use 
the same read/write algorithms as 
the host system on which the Flash 
card was originally used. By 
contrast, SunDisk’s Flash cards are 
“olug and play” solutions that pro- 
vide true host independence, 
enabling them to be used with any 
computer that supports the PC Card 
ATA standard—regardless of which 
host CPU or operating system is 
employed. This interoperability is 
due to the fact that the intelligent 
controller onboard the SunDisk card 
organizes the Flash chips to appear 
to the host CPU as though they 
were a disk drive, eliminating the 
need for special driver software and 
establishing complete compatibility 
with virtually all of today’s leading 
operating systems. 





’ SunDisk Industry 


Firsts in Flash 


FlashDrive 
First 1.8” IDE Drive 
(1991) 


FlashDisk 
First Type Ii 20 MB 
PC Card ATA Card 

(1992) 


FlashDisk 
First Type Il 40 MB 
PC Card ATA Card 

(1993) 


FlashDrive 
First 1.3” IDE Drive 
(1994) 


FlashDisk 
First Type Ill 175 MB 
PC Card ATA Card 
(1995) 


CompactFlash™ 
Smallest Removable 
Flash Storage Device 

(1995) 
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Equally important, SunDisk’s 
intelligent controller allows the Flash 
cards to be forward and backward 
compatible, enabling them to inter- 
operate seamlessly from one gener- 
ation to the next. For example, any 
of today’s SunDisk FlashDisks can 
be inserted into any future system 
that complies with the PC Card ATA 
standard. And any future gener- 
ations of SunDisk products will work 
flawlessly with older systems that 
comply with the ATA standard. 

SunDisk’s proprietary intelligent 
controller performs all data manage- 
ment functions. The controller's 
dynamic defect management and 
error-correction code (ECC) safe- 
guards the integrity of data, provid- 
ing the ability to discover and 
replace defective bits in a way that 
is transparent to the host and does 
not consume any user data space. 

As a result of these innovations, 
SunDisk’s unique, patented 
hardware implementation is much 
faster and far more reliable when 
compared to linear Flash, where the 
majority of cards provide no protec- 
tion against failing bits and no abili- 


ty to recover lost files. 

Additionally, SunDisk’s intelligent 
controller provides system power 
management techniques that put 
the card into a very low-power 
“sleep mode” any time the card is 
not being accessed by the host sys- 
tem, thus greatly conserving system 
battery life. 


SunDisk: Products 
for Universal Storage 


SunDisk currently offers three dis- 
tinct Flash mass storage product 
lines: the PCMCIA (Personal Com- 
puter Memory Card International 
Association) FlashDisk series, the 
CompactFlash™ (CF™) series and 
the IDE FlashDrive series—all of 
which share the same high-density, 
proprietary SunDisk Flash memory 
chips, as well as the same 
intelligent controller. All SunDisk 
products meet industry standards 
and provide superior compatibility 
via host independence. All offer 
complete forward and backward 
compatibility from one generation 
to the next. And each product is 


- ATA vs. Linear Flash Card 


SunDisk ATA Flash Cards 


System 


Host 
ql 


ATA/IDE 
Industry Standard 
Interface Allows Plug and Play 


Linear Non-ATA Flash Cards 


Memory 
Technology 
Dependent 

Driver 


Proprietary 
Flash File 
System Software 








Intelligent 
Controller 


Flash Memory 


—_— gk 


Proprietary 
Interface 









highly reliable: FlashDisks, 
FlashDrives and CompactFlash 
cards all offer a mean time between 
failures (MTBF) rate of 500,000 
hours—which translates to more 
than 100 years of standard 
operation. 

In addition, all three SunDisk 
product families are offered with a 
Stacker™ compression option 
that effectively doubles storage 
capacity. All SunDisk products are 
available in industrial (-25°C to 
+75°C) and commercial (0°C to 
+60°C) temperature operating 
ranges. All SunDisk products oper- 
ate from a single 5V supply. The 
CompactFlash series also supports 
operation from a single 3.3V supply. 


¢ PCMCIA FlashDisk Series 
SunDisk’s FlashDisk products, 
used in storage, data backup and 
data transport 
applications, are the 
highest-capacity remov- 
ws, \\ able Flash mass 
\\ storage PC Card ATA 
\\, cards currently avail- 
» able. Type | 
FlashDisks range In 
capacity from 1.8 to 40 MB, while 
SunDisk’s Type Ill cards offer 
capacities of 80,110 and 175 MB— 
setting new capacity standards in 
the industry. PC Card ATA 
standard support makes [gu 
the FlashDisk series } 
compatible with virtu- 
ally all of today’s 
computing and com- 
munications systems, 
Supported by such var- 
ied operating systems as DOS, 
Windows, Windows 95, OS/2, NEC 
OS, DOS V, GEOS, PSOS and 
Apple System 7. 














¢ CompactFlash™ Series 

CompactFlash’s matchbook size 
and half-ounce weight makes it the 
world's smallest removable mass 
storage system. Its compact size, 
ruggedness (an operating shock 
rating of 2,000 Gs—edquivalent to a 
10-foot drop onto 
concrete), and low- 
power, single-supply 
3.3V features make 
CompactFlash ideal for 
a range of current and 
next-generation, small-form-factor 
consumer applications such as digi- 
tal cameras, cellular phones, PDAs, 
personal communicators, pagers 
and audio recorders. CompactFlash 
provides complete PC Card ATA 
functionality and compatibility 
through a Type Il PCMCIA adapter. 
CompactFlash is available in 2, 4, 10 
and 15 MB storage capacities. The 
Stacker compression software 
option effectively doubles these 
capacities. 





¢ IDE FlashDrive Series 
SunDisk’s 1.3” and 1.8” form 
factors are targeted at 
applications that require 
embedded mass stor- 
age. As such, IDE 
FlashDrives are 
ideal for mobile 
computers, 
y= communication devices 
and other embedded systems that 
require low power, high resistance 
to shock and vibration, instant 
access to data, and 
— complete plug and 
aN Play compatibility 
~ with IDE rotating 
disk drives without 
requiring any hardware or 
software modifications. IDE 




















Strategic Alliances: A Foundation 
for the Future 









n today’s global high technology arena, strategic alliances are neces- 
sary to achieve ongoing success. SunDisk is currently working closely 
with a number of industry leaders to solidify its leadership position 

and advance the frontiers of Flash mass storage technology. — 

Seagate Technology, a worldwide leader in data storage products, cur- 
rently holds a 25% equity investment in SunDisk, providing the company 
with access to a wide range of industrial distributors. An alliance with 
Matsushita Electronics Corporation provides SunDisk with high-volume, 
advanced semiconductor development and manufacturing facilities, 
access to the Japanese consumer and communications markets, and 
shared research and development costs for ongoing product 
development. Japan’s NEC and SunDisk are now involved in joint devel- 
opment of 256-megabit Flash mass storage solutions using 0.35-micron 
process technology, slated for production in 1997. And LG Semicon (for- 
merly Goldstar) is currently producing SunDisk’s 16 Mbit and 32 Mbit 
Flash chips. 

In addition to these alliances, SunDisk is also engaged in numerous 
OEM sales and marketing agreements with companies such as Epson, 
Hewlett-Packard, Matsushita, Motorola, 3M and Verbatim. And distribu- 
tion agreements with international distributors including Anthem, 
Arrow, Bell Microproducts, Hamilton/Hallmark, Avnet Computer and 
Prima International help to ensure that SunDisk’s Flash mass storage 
technology and products are readily available in the global marketplace 
through multiple sales channels targeted at specific market segments. 
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FlashDrives feature capacities 
ranging between 4 and 80 MB. 
Stacker software is also available 
as an option. 


SunDisk: 
Commitment to 
Driving Prices Down 


SunDisk’s rapid technological 
advances have enabled the compa- 
ny to offer customers higher storage 
capacity for lower prices. This trend 
will continue. For example, a5 MB 
FlashDisk PCMCIA PC Card ATA 
FlashDisk now retails for 
approximately $300; the same 
capacity is expected to retail for 
under $50 within the next three 
years, made possible by employing 


SunDisk’s advanced Flash chips, 
which are currently under develop- 
ment. This continual decline in 
prices promises to significantly 
increase the impact this technology 
will have on the wide variety of 
applications in today’s industrial, 
consumer, computing and commu- 
nications marketplaces. 


Flash to the 
Forefront 


And as the frontiers of Flash mass 
Storage continue to move forward, 
SunDisk will be there leading the 
way. When combined, all of 
SunDisk’s architectural advantages 
—superior data reliability, low- 
power operation, outstanding resis- 
tance to shock and vibration, and 
small, lightweight form factors—is 
and will continue to enable 
customers around the globe to 
develop new product opportunities 
and applications. 


Retail Price of 5 MB SunDisk FlashDisk Card 


$400 


$300 


$200 


$100 


Retail 
Price ($) 


1993 1994 1995 


What does 5 MB get you? 

e Images - Over 50 digital images 

© Voice - More than 1 hour 

© Data - 3500 pages of doublespace text | 


1996 1997 1998 








Worldwide 


For more information on 
Flash mass storage and 
SunDisk Corporation, 
please call 
(408) 562-3404. 





Headquarters 
Western Region USA & Canada 
3270 Jay Street 
Santa Clara, CA 95054 
Phone: (408) 562-0500 
Fax: (408) 562-3403 


Eastern Region USA & Canada 
620 Herndon Parkway, Suite 200 
Herndon, VA 22070 
Phone: (703) 481-9828 
Fax: (703) 437-9215 





Central Region USA & Canada 
1320 Tower Road 
Schaumburg, IL 60173 
Phone: (708) 885-5636 
Fax: (708) 882-1647 


Europe (Germany) 
Zeisstrasse 13 
D-30519 Hannover, Germany 
Phone: 49-511-8424458 
Fax: 49-511-8424459 


Asia/Pacific Rim (Japan) 
SunDisk, Ltd. (Japan) 
5F Nisso Bldg. 11 
2-3-4 Shin-Yokohama, Kohoku-ku 
Yokohama 222 
Phone: 81-45-474-0181 
Fax: 81-45-474-0371 


Suisk 


The Solid Advantage 





SunDisk and CompactFlash are trademarks of SunDisk Corp. All other trademarks or registered trademarks are property of their respective owners. © 1995 SunDisk Corp. Lit # 80-13-00063 











DON’T MISS THE EMBEDDED SYSTEMS EVENT OF THE YEAR! 





THE EMBEDDED SYSTEMS 
CONFERENCE unites embedded 


systems designers, programmers and engineers 
with industry experts and product vendors for 
four days of practical insights and instruction. 
Don't miss this opportunity to enhance your 
knowledge and network with peers from 

around the world. EMBEDDED 
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TO-4S REGAY LEGHNOLOGY 


THE TELEDYNE 
COMMERCIAL 
CENTIGRID® RELAY 


Cost Effective 
Performance 
with Proven 


Reliability 


The commercial 172 Centrigrid® relay has become 
a standard where price/performance ratios are the 
critical design criteria. 

This hermetically sealed relay locks out harsh 
environment, features a low profile and tiny footprint for 
direct PC board plug in. Low intercontact capacitance 
and low contact circuit losses provide excellent RF 
characteristics up through UHE All this in a low power, 
DPDT relay, with proven reliability. 

The $172 surface mount version brings many of the 
commercial Centrigrid® relays features to SMT 
applications and they are especially user friendly. These 
relays can be provided in tape and reel or IC tube 
carriers for automated production. 

Applications include automatic test equipment, 
medical electronics, test instruments, 
telecommunications and automotive circuitry. 

The commercial 
Centrigrid® gives you the 
benefit of a relay with an 
extraordinary 
price/performance ratio. For 
price, delivery, and more 
technical information, call 
1-800-284-7007 or Fax us 
at 1-213-779-9161 








“#* TELEDYNE RELAYS 


Innovations In Switching Technology 


———— ~~ 
ELECTRONIC BUYERS 
Cue 


199 Ww 
See these products in EEM 1995, Vol. B, Pages B. 1606-1609 aan” 


Home Office: 12525 Daphne Avenue, Hawthorne, CA 90250. 
Telephone: 213-777-0077 © FAX 213-779-9161 


OVERSEAS: GERMANY (0611) 7636-143; ENGLAND (081) 571-9596; 
BELGIUM (02) 717-52-52; JAPAN (03) 3797-6956 
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SELF-CALIBRATING ADCs 


the processor can read back calibration coefficients after ini- 
tial factory calibration and store the coefficients in non- 
volatile memory. The coefficients can then be downloaded 
to the device whenever the system is powered up. This read- 
back is useful for applications in which the coefficients are 
automatically downloaded. Downloading the coefficients 
effectively performs a system calibration, invisible to the end 
user, to correct the analog signal and ADC errors. 


Even calibration has its limits 

System calibration has limitations. There is a limited 
amount of head room that vendors can build into the ADCs. 
Therefore, you have to ensure that the system-offset and sys- 
tem-gain errors are within a certain range of the nominal 
zero-scale and the nominal full-scale voltages. 

Sampling converters, such as the AD785X series, have a 
system-offset error typically ranging from —0.05 to +0.05 
Vizg Phe system-input span range is 0.95 to 1.05 V,,,, due to 
the limited number of trim array capacitors. This limitation 
is physical because the converter manufacturers do not want 
a large number of capacitors on the IC taking up substantial 
silicon area. Because the silicon is the main constraint, the 
sampling converters can tolerate a smaller range for the sys- 
tem full-scale and system-offset voltages when compared 
with sigma-delta converters. 

Sigma-delta converters have restrictions, but for a differ- 
ent reason. The converter’s large tolerance range on input 
span and system-offset voltage exists because their head 
room is constrained primarily by digital circuitry and only 
partly by the analog circuitry. In converters such as the 
AD771X series, the system-offset range is from —1.05 to -0.95 
Vizp and the system-input range is from 0.4 to 1.05 V,,,,. If 
the offset and gain errors are outside these ranges, the ADC 
reduces the errors as much as possible, but it may not reduce 
them fully. The AD7714, for example, can handle a system 
full-scale voltage that is up to 5% greater or 60% less than 
the nominal full-scale voltage or the reference voltage. 
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Analog Devices’ hot new sensors can make 
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Parallel-printer adapters 


find new use as 


instrument interfaces 


DHANANJAY V GADRE, INTER-UNIVERSITY CENTRE FOR ASTRONOMY & ASTROPHYSICS 


Designers of the Centronics, 
or parallel, printer adapter 
intended it as a way to con- 
nect printers and computers. 
However, the adapter’s uses 


go far beyond simple periph- interface—for connecting a photometer and 


eral connection. PC manu- 
facturers have adapted the 
port for various applications 


The venerable parallel-printer adapter has 
found many uses during its long lifetime. 
Now, you can use the port as an instrument 


a PC, for example. 





and Extended Parallel Port 
(EPP) are beginning to 
appear on the market. How- 
ever, the large user base of 
the standard parallel-printer 
adapter suggests that appli- 
cations designed with it 
would have wider portabili- 
ty than that of ECP and EPP. 


on PCs, and, with decreasing hardware costs, PCs often have An IEEE committee is now examining the parallel-printer 
two or more parallel-printer adapters. In addition, the PC adapter standard to compare its capabilities vs the ECP and 
operating system, MS DOS, supports four printer adapters. the EPP (Ref 2). 

OEMs and instrument designers have also 
used the adapter for connecting devices other 
than printers to the PC (Ref 1). The adapter has 
enough I/O lines to be a fast communications 
channel between PCs and application hard- 
ware. Applications for the adapter include 
tape-backup systems, PROM programmers, 
ROM emulators, data-acquisition systems, and  _. . TRISTATE 
security locks. The parallel-printer adapter _ ee SWITCH 4 
gives at least an order of magnitude improve- ——$ _  . 
ment over the data-transfer rates you can 
achieve with the RS-232C port; the enhanced 


PHOTOMETER STATUS 


PULSES | | Port 


parallel-printer adapter does even better CONTROL | 
(Ref 2). Bi ae ey 
The adapter also helps avoid the problem of : , Bane 


overcrowding motherboards with ISA/EISA 
add-on cards. Consider whether using the ISA 
or EISA bus in an instrument is overdesign. A 
printer adapter may work in these designs if 
other aspects, such as speed, are not a consid- 
eration. In addition, users cannot access the 
ISA bus in laptops, leaving the parallel-printer - CE ee_C.  ... 
and PCMCIA adapters as the only available The interface between a photometer and the parallel-printer port on a PC 
high-speed communication channels. (Ref 2). has a digital multiplexer that selects one to eight time periods. A bina 
Also competing with the parallel-printer counter divides down a 32.768-kHz crystal oscillator to set the gating peri- 
adapter, the Enhanced Capabilities Port (ECP) ods from 0.125 to 16 sec in steps of 0.125 multiplied by powers of 2. 
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PARALLEL-PRINTER ADAPTER 


The printer adapter has three independent, TTL-compat- 
ible ports: an 8-bit output-data port, a 4-bit output-control 
port with open-collector drivers, and a 5-bit input-status 
port. The two output ports have input registers at identical 
addresses. You can read these registers to get the latched 
value. The control-port outputs have open-collector drivers 
with typically 4.7-kQ pull-up resistors. The control port can 
also be used as an input port, by writing ones to the control 
register and then performing a read operation. 

The control register lets you connect one of the status-port 
pins to one of the PC interrupt-request lines. The data RAM 
of the PC stores the port addresses. Tables 1, 2, and 3 show 
the pin position of the three ports of the adapter on the 36- 
pin Centronics connector on the printer end and the DB-25 
connector on the PC end. They also show the correspond- 
ing bit locations in a bytewide register and the logic rela- 
tionship between the register contents and the output pin. 
A true relation means that if the register contains a logic one, 
the output pin is also at a logic one. An invert relation indi- 
cates that, if the register bit contains a logic one, the output 
pin is at a logic zero. 


Use the interface for a photometer 
As an example of using a printer adapter port as an instru- 
ment interface, consider an application in which a comput- 
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FOR THE STATUS PORT 


DB-25 pin 















Bit Centronics pin Bit-to-pin relation 


7 Invert 
6 True 
E True 
4 True 
3 True 
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TABLE 2—PIN CONNECTIONS 
FOR THE CONTROL PORT 


’ Bit Centronics pin DB-25 pin Bit-to-pin relation 


Zz 
6 
> 
4 
3 
2 
1 
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er interface for a photometer will perform photometric 
observations. The photometer produces low-pulse-width 
pulses whose frequency is proportional to the incident light 
intensity. Photometric observations involve accumulating 
the pulses for a required time period. You can achieve this 
task by gating a counter with a preset timer. The program in 
Listing 1 on pg 104 demonstrates the workings of the pho- 
tometer interface through the parallel-printer adapter. 

If you want many computers to share the photometer, use 
the printer adapter to connect the photometer to a PC. This 
approach avoids removing the computer interface from the 
computer and also works well if you plan to use a laptop 
computer. However, this approach can mean adding an extra 
power supply for the circuit. To address this penalty, you can 
use the RS-232C signal lines to power the low current 
requirements of the interface circuit. 


Acquisition follows a series of events 

Fig 1 shows how the parallel-adapter interface circuit 
operates. The digital multiplexer selects one of eight time 
periods. A binary counter divides down a 32.768-kHz crystal 
oscillator to set the gating periods from 0.125 to 16 sec in 
steps of 0.125 multiplied by powers of 2. A chain of binary 
counters count the incoming pulses for the duration of one 
gate period. One cycle of acquisition begins by selecting the 
required gate period and then resets the accumulating coun- 
ters. The subsequent rising edge of the gate signal routes the 
incoming pulses to the counters. The falling edge of the gate 
period disables the AND gate, which freezes the accumulat- 
ed count in the counters. The program now reads the 
counter contents, 4 bits at a time. Following this operation, 
another measurement cycle begins. 

Fig 2 shows the acquisition circuit, which uses CMOS or 
74HC components to keep the current consumption small 
enough for RS-232C signal lines to power the circuit. Fig 3 


TABLE 3—PIN CONNECTIONS 
FOR THE DATA PORT 


Centronics pin DB-25 pin Bit-to-pin relation 
True 
True 
True 
True 
True 
True 


True 


7 
6 
5 
4 
3 
2 
1 
0 


True 


The acquisition circuit uses CMOS or 74HC components 
to keep the current Sonam AEN small enough for RS- 
232C signal lines to power the circuit. 
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PARALLEL-PRINTER ADAPTER 


FIGURE 3 


RS-232C RTS 
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RS-232C DTR 
aaras 


2 LM7805 
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bee 


NOTE: Ds, D,=1 N4001. 


produce the 5V the interface circuit needs. 


depicts the circuit’s associated power supply. The PC drives 
the RS-232C lines to V.., which passes through a 78L05 reg- 
ulator to produce the SV the interface circuit needs. IC,, 
74HC4060, uses a 32.768-kHz crystal to generate the gating 
signal of "/s, '/4, and '/2 Hz. IC,, 74HC4024, further divides this 
signal to generate the rest of the five periods. These eight gat- 
ing signals drive IC,, 74HC151, a one-of-eight digital multi- 
plexer. The lower 3 bits of the printer-adapter data port act 
as the select input of this multiplexer. The output of the mul- 
tiplexer drives IC,, 74HC74, a D-type flip-flop in a divide-by- 
two mode, to generate signals with ON time from 0.125 to 
16 sec. The output of the flip-flop gates the input pulses 
through the AND gates, IC,, and IC, to the counter chain. 

During each acquisition cycle, the control-port bit, CO, 
resets flip-flop IC, and binary counters IC, and IC.,,. A rising 
edge of the gate signal sets IC,, enabling the incoming puls- 
es to reach the binary-counter chain, IC, and IC_,, which are 
12-bit binary counters. At the end of the gate period, the 
clock line to IC, freezes the accumulated count in the coun- 
ters. The program can read only 16 bits (four nibbles) of the 
24 bits output of these counters. IC, and IC,, 74HC244, mul- 
tiplexes the 16 bits to generate 4 bits. IC,,, 74HC138, decides 
which one of the four nibbles routes to the status port. The 
program reads the output of counters IC, and IC, 4 bits at a 
time by reading the status port and manipulating the four 
nibbles to form a 16-bit integer. 

The control program prompts the user to enter the 
required gate period and then starts acquiring data. The cir- 
cuit stores the data as ASCII numbers in a user-defined out- 
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The PC drives the RS-232C lines to V_., which passes through a 78L05 regulator to 
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... put file at the end of the acquisition 
_ period. A suitable cable connects the 
photometer generating TTL-level puls- 
es to the interface. The interface con- 
nects to the printer adapter through 
the 36-pin Centronics connector, J3, 
by the standard printer cable. EDN 
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PARALLEL-PRINTER ADAPTER 


LISTING 1—PHOTOMETER INTERFACE THROUGH THE PARALLEL-PRINTER ADAPTER 
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/* Program to demonstrate the working of the Photometer interface */ 
/* through the parallel printer adapter. Connect the interface to */ 


/* LPT1 & COM1. Connect the photometer to the interface. 


[BERR RIKER EKER EERE RRR ERE RE KER EER ERE RHE REE REE RRR ERE RERK KER EKER KKKEERE / 


/* Compile with TurboC Ver. 2.0 


[BEER REE RH KER EKER EKER REE KEKE ERE KER EEE KERR ER EKER EKER KEKE EERE KER / 


#include <stdio.h> 
#include <dos.h> 
#include <conio.h> 
#include <process.h> 


int modem_control reg, dport Ilpti, cport_lpt1, sport lptl; 
/* Declare the subroutines */ 


unsigned char get _integ time(void) ; 
unsigned int get count (void); 


unsigned char get _integ time(void) 


int temp; 

clrscr(); 

printf ("Character Integration time\n") 
printf ("0 00.125 sec\n"); 
printf ("1 00.250 sec\n"); 
printf ("2 00.5 sec\n") 
Prints ("3 01.0 sec\n"); 
Prince (74 02.0 sec\n") ; 
printf ("5 04.0 sec\n"); 
printf ("6 08.0 sec\n") 
printf ("7 16.0 sec\n") 
temp=getchar () ; 

switch (temp) { 

case ‘0’; return 0;break; 

case 'l’: return 1;break; 

case '2’; return 2;break; 

case ‘3’; return 3;break; 

case ‘4’; return 4;break; 

case ‘5’; return 5;break; 

case ‘6’: return 6;break; 

case ‘7’: return 7;break; 
default: return 100; 


unsigned int get count (void) 
unsigned char monitor, nib_0, nib 1, nib 2 Hib 3; 


/* Reset the binary counters U6, U7 & the flipflop U4-A */ 
/* The Control port bit CO of the pee adapter is used */ 
outporth(cport lpti,1); 

outportb(cport lpti, 0); 


/* Monitor the o/p of flipflop U4-A */ 


/* Wait in the loop till it is zero */ 
monitor = 0; 
while(monitor == 0) monitor = inportb(sport lptl) & 0x08; 


/* Now the flipflop has enabled the counters */ 

/* So, wait till the counting is over */ 

monitor = 0x08; 

while(monitor == 0x08) monitor = inportb(sport_lptl) & 0x08; 


/* Read the four nibbles*/ 


/* Nibble 3, the most significant nibble*/ 
outportb(dport lpt1,3); 
nib 3 = inportb(sport lptl); 


/* Nibble 2 */ 
outportb(dport_lpt1,02); 
nib 2 = (inportb(sport _Iptl1) >>4); 


/* Nibble 1 */ 


outportb(dport Ipti,1) ; 
nib 1 = inportb(sport_lpt1) ; 
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/* Nibble 0, the lest significant */ 
out porth (dport _ ipti, 0); 
nib 0 =(inportb(sport lpti) >> 4); 


/* put all the nibbles in one integer variable */ 


nib 1 = nib 1 Gxee; 
nib 3=nib 3 & 0x0f0; 

nib 3 = nib 3 | nib_2; 
nib 3 = nib 3 0x88; 


/* Return the unsigned integer */ 
return (nib 3*256 + nib 1); 


void main (void) 
unsigned char int win; 


/* Sign ON */ 
clrscr(); 


printf ("Photometer interface for the IBM PCs & compatibles, Version 


1.0"); 

printf("\nUses the parallel printer adapter for counting"); 
printf ("\n&the RS-232 port for the power supply") ; 

printf ("\n\nBy: D.V.GADRE") ; 


/* Get COM1 register address */ 


modem control reg = peek(0x40,0)+4; 


if (modem_control_ reg == 4) 
printf ("\n\n\nCoM1 not available... aborting\n\n\n") 
exit (1); 


printf ("\n\n\nCOM1 address = %X",peek(0x40,0) ); 
/*Get LPT1 port addresses */ 


dport Iptli = peek (0x40,0x08) ; 
if idport 15t1 ==0) 


printf ("\n\n\nLPT! not available... aborting\n\n\n") ; 
exit (1); 


printf("\nLPT1 address = %X", dport _lpt1); 
cport lptl = dport_lIptl +2; /* control port address */ 
sport lpti = dport Ipti + 1; /* status port address */ 


/* put power On on COM1 */ 

outportb (modem control reg, 03); 
printf("\nPutting Power ON. \e\nin) 
sleep (1); 


/* Get the integration time window */ 
int_win = get _integ time() ; 


while (int win<0 || int_win >7) int_win = get_integ time(); 
clrecr(); 


printf ("Using integration window %d\n\n", int win); 
while(!kbhit ()) 


/* set integration time */ 
outportb(dport _lpti, int win) ; 


/* Get the accumulated count & print it on the screen 


af 
oe "get count ()}; 
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stop with your product. 
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Which means you can ex- 
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Let’s face it. As good as they 
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synthesis than you get from other chips. 

Remarkably, QmniWave simul- 
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taneously synthesizes 32 voices of 16- 
bit sound at 44.1 khz. It then clarifies 
and adds depth with a four-pole 
resonant digital filter for each 
voice—something unique in the industry. 

Combined with full mipi and 
General mip1 compatibility, what that 
gives you is one of the best multimedia 
audio solutions available. At a fraction 


of the cost of competing products. 








New Samsung Multimedia Components 
Part Type Available 
Kso1i6r QmniWave™ Audio Now 
Ksolilg) = NTSC Encoder Now 
Kso122 _— Integrated Video Now 
- Decoder a 
Kso123 Set Top Encoder Q3 


KS82C53x Pentium Class pci chipset Q3 


OQmniWave is just one in a whole 
new line of advanced Multimedia 


products from Samsung. Others 








include the kso1rg NTSC Encoder, 
Kso122 Integrated Video Decoder, and 
Kso123 Set Top Encoder. 

We also offer new Pentium class 
pci chipset that’s the ideal foundation 
for a Multimedia pc. | 

And since these products are 
from Samsung, you know they'll be 
reliably available in volume—from a 


supplier you're probably doing 
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business with already. 
For details, please call 1-800-446- 
2760 today. Or write to Multimedia 
Marketing, Samsung Semiconductor 
Inc., 3655 North First Street, San Jose, 
California 95134. ae 
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for real-world protection. 





TI's 95-m®2 current-protected 
high-side power switch 
features controlled switching 
with built-in protection. 





This tiny chip gives big protection to 
your battery-operated designs from the 
unpredictable, such as faulty periph- 
erals or those handy high-tech tools, 
e.g., screwdrivers, paper clips, etc. The 
TPS201x integrates current limiting, 


Hox TB N= DT Nie 


+ Pin 1 must be grounded 
* Suggested resale price in quantities of 1,000 
©1995 TI 





thermal shutdown, ESD protection to 
12 kV and controlled switching times. 


TPS201x Protection Switch Features 
e 95-mQ high-side MOSFET switch 
e Current limits: 
— TPS2010D 
— TPS2011D 
— TPS2012D 
— TPS2013D 


0.4 Amp 

1.2 Amps 
2.0 Amps 
2.6 Amps 


© Small TSSOP and SOIC packaging 

e 3-V to 5.5-V operating range 

e ESD protection to 12 kV 

e Controlled rise and fall times, limit 
Current surges and EMI 

e 10-uA maximum standby current 

e Price $1.15* 


¥2@) UseR 
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If a fault does occur, it will limit the 
current. If the device gets too hot, it will 
automatically shut down. 


And our SOIC-8 package will drop 
into the LittleFoot™ PMOS footprint’, 
which will save you precious board 
space. They are also the lowest priced 
current-protection high-side switches 
available. So to get big protection 
for your designs, call 1-800-477-8924, 
ext. 3481, for your free sample kit and 
evaluation board. 


BE AS Fl” 


08-1116 








“Manufacturing, design 
partnership reduces 
PC Card assembly costs 








One of the first places where OEMs 
requiring PCMCIA functions can look 
for cost reductions is in the area of con- 


nector components and their associat- 


ed manufacturing costs. Unfortunate- _ 


ly, the rousing success of the PCMCIA 
standard has all but eliminated the 
ability to reduce costs of the connector 
component itself. Limited capacity of 
the few quality suppliers and the scanty 
availability of one-to-one second 
sources are preventing price reduc- 
tions. 

Although capacity and second sourc- 
ing will improve, the current pricing 
structure is unfortunately at a point of 
minimum flexibility. Given this pricing 
scenario, the only viable cost-reduction 
avenue open to OEMs is in manufac- 
turing. 








CUYPERS, RO 


HOLD-DOWN 
HARDWARE LOCATIONS 


"e 


ne 


NON-EJECT HEADER 


M2 HARDWARE | oO 


EJECT HEADER 


The traditional approach to holding down sockets during reflow soldering uses M2 
nuts and bolts—two for non-eject sockets, four for eject sockets. 


ing. They also provide a strain relief against the stress that 


One of the principal ways to secure any connector prod- arises in normal use. Unfortunately, because of the small 
uct to a pc board is to use nuts and bolts, which provide hardware size and multiple hold-down locations needed for 
mounting stability against board movement during solder- PCMCIA applications, the installation of nuts and bolts is 
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PC CARD ASSEMBLY 


arduous at best. Eject-type sockets require four hold-downs, — to secure sockets to the pc board. To install the necessary M2- 
and non-eject sockets typically require two. type nuts and bolts, you must manually insert the bolt from 
Fig 1 shows the typical placement and hardware needed the bottom of the board, while simultaneously providing 


estas SOLDER-RETENT CLIP 


LATCHING MEMBER 


HIGH-TEMP 
PLASTIC BODY 


LATCH MEMBER 


HIGH-TEMP 
PLASTIC BODY 





This solder-retent clip is a zero-insertion-force device that eliminates the need for 
hard-to-install nuts and bolts. 
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some method to manually align the 
corresponding nut in the top slot of the 


| socket. This balancing act becomes 


somewhat easier if you first prepare the 
nut with some kind of adhesive to help 
in securing the optimum alignment 


: _ position for the corresponding bolt. 


What’s painfully obvious is that in 
applications needing moderate- to 
high-quantity component placement, 
and in which automatic pick-and-place 


_ is necessary, the manual procedure all 
| but eliminates any cost advantage the 


use of nuts and bolts could provide. 


: Scrapping the nuts and bolts 


In the effort to facilitate automatic 
pick-and-place of these sockets and 
thereby reduce costs, several objectives 
are necessary to provide a viable alter- 
native to the hand-placement proce- 


| _ dures. First, the alternative process 


must be suitable for all varieties of pick- 
and-place equipment, from the current 
Fuji lines to Dynapert equipment. 
Because of the large variations in para- 
meters (such as placement tolerances 
and pushdown forces) of these pick- 
and-place machines, the need exists for 
an inherent solder-retent clip that you 
can install with zero insertion force 
(ZIF). 

This ZIF solder-retent clip (Fig 2) 
must be inherent in the sense that it 


| must bean integral, preinstalled option 


on the PCMCIA socket. Preinstallation 
eliminates the need for costly hand 
insertion into the socket, and also elim- 
inates the need to order and stock an 


| additional part. To facilitate pick-and- 


place procedures, the solder-retent clip 
must also provide alignment to the pc 
board via its mounting through holes. 
Therefore, the solder-retent clip must 
extend beyond the insulator or body of 
the socket to provide this necessary 
alignment. 

As you can see in Fig 2, the solder- 
retent clip is a true ZIF part, with the 
latching member entirely encapsulated 
by the high-temperature plastic body. 
The socket manufacturer then installs 
the body into the existing hold-down 





How do you re Bae 
a surtace mount fuse 


in under 5-seconds? 


Get all the facts by FAX: 1-708-391-0894 I'd like information on other Littelfuse Surface Mount products. 


Check the surface mount fuses you’re interested in and fax — Name: 
us this ad and the following information. In minutes, we'll 


C Name: 
fax you back the information you want. ompany Name 


Company Address: 
CMG eo eet 
Your return FAX: 


Company phone #: 


NANO’ and PICO*®SMF 1206CaseSMF Nanofuse™ 250 Volt te 
Fuseholder 3/8-5A Fast-Acting 1/16-15A Flat Pak™ Application needs: 
3/8-5A 125V 2/10-2A 125V, 60V,32V. %-5A 

125V 32V 250V 
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holes of the socket insulator, as shown in Fig 3. Note that 
the solder-retent clip extends beyond the flush body of the 
PCMCIA socket by 0.110 in. (on average) to provide align- 
ment. The design and manufacturing departments at most 
users’ facilities require the solder-retent clip to fit into exist- 
ing through holes currently used for hold-down hardware 
on the pc boards. To accommodate this need, the solder- 
retent pin is designed to fit into the same 0.086-in. hole a 
typical M2 bolt would require. 
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The final aspect of the solder-retent clip to consider is the 
retent member itself. Based on current user applications, the 
retent clip must accommodate pc-board thicknesses ranging 
from 0.040 to 0.093 in. An additional requirement is that the 
clip provide a minimum hold-down force of 5 Ibs, a figure 
deemed necessary to keep the socket stabilized during the 
soldering process. The solder clip must also be easy to acti- 
vate without the use of special tools or hardware. 

Because many applications require the use of an ESD-clip 


SOCKET CONNECTOR BODY 


Sasa aaa Eee ee 
[fran 
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SOLDER RETENT 





The solder-retent clip extends beyond the flush body of the PCMCIA socket by 0.110 in. to provide alignment. 


CONNECTOR BODY 


RETENT CONTACT 
RETENT BODY 
ESD CLIP 


PRINTED- 
CIRCUIT BOARD 


FREE STATE 





DOWNWARD FORCE 


ACTUATED STATE 


The solder-retent clip provides both a gripping action for socket retention and an electrical connection to the ESD clip. 
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TEMIC. Smaller orm factors 
for portable products. 


Let us help you shrink 
system size and improve 
performance with highly 


integrated 
solutions 
in small- 
outline 
packaging. 


Ask about our... 
Power management ICs 
IrDA-compatible modules 
PC Card switching matrices 
Low-voltage load switches 
Microcontrollers & memories 
Digital & mixed-signal ASICs 
Digital network adapters 


For use in your... 


Portable computers & phones - | 


Disk drives 
Personal digital assistants 
Portable tools & appliances 

Battery chargers 


TEMIC Semiconductors offers a 
broad line of application-specific 
standard devices and ASICs. 


Solutions for 
power manage- 
ment, wireless 
transmission, 
memory 
management, 
and more to 
make your 
portables more 
portable. Not to 
mention more 
efficient and 
cost-effective. 





TEMIC is on the approved 
vendor lists of leading computer, 
communications, and hand-tool 
manufacturers. We’re a truly 
global organization with high- 
quality products and ISO 9000 
certified facilities. 


Our name may be new, but we 
have a long history of superior 
service to producers of portable 
products. For more information, 
call us at 1-800-554-5565, 

ext. 911. 


TEMIC 


Semiconductors 


TEMIC is a company of AEG Daimler-Benz Industrie. 2201 Laurelwood Road, Santa Clara, CA 95054, Fax: 408-970-3995, ext. 911. 


Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 


TEMIC European and Asia/Pacific Sales: UNITED KINGDOM: 01344-485757. GERMANY: 0310 857320. FRANCE: 1-30 60 71 87. oe 
ITALY: 02-332 121. SCANDINAVIA: 08-733-0090. SINGAPORE: 65-788-6668, ext. 249. HONG KONG: 852-23 789 789. JAPAN: 3-5562-3321. 5 
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system (which typically carries the ground path through the 
mounting hardware) in the socket, the retent clip should be 
conductive and should make contact with the ESD clips. 
Finally, the retent clip should be able to adequately wick sol- 
der so that, once soldered, the clip provides a hold-down 
strength of at least 10 Ibs. This 10-lb force is adequate to pro- 
vide the necessary retention of the socket on the pc board, 
in order to resist any forces in the x- or y-axis during inser- 
tion and extraction of PC Cards, either into an eject or non- 
eject socket. 

Fig 4 provides an overview of how the retent-clip system 
meets the cited requirements. As shown, you activate the 
metallic retent clip by pushing down on its head with a 
simple screwdriver or any other flat-tip device. This down- 
ward motion causes the inherent plastic beam of the solder- 
retent-clip body to spread the two independent “legs” of the 
solder clip. This simultaneous downward and outward 
motion of the retent clip’s legs provides the necessary re- 
tention forces needed to stabilize the socket during the 
reflow process. Because the retent clip is made of stamped 
metal, it provides you with a solderable clip that is also con- 
ductive. 

As you can see in Fig 5, the head of the activated retent 
clip rests squarely on the extension of the socket’s ESD clip, 
and, thus, provides the needed ground path. The user’s cost 
averages about $0.04 per solder-retent clip, or $0.16 total for 
an eject socket. If you compare this cost with current man- 
ufacturing direct-labor costs, the savings are at least $0.50 
per socket. This conservative calculation assumes an average 
manufacturing labor cost of $14 per hour, or $0.23 per 
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minute. The calculation uses an optimistic rate of 2.87 min- 
utes to install four M2 nuts and bolts. 

As the need for keeping costs down extends to all areas of 
consumer-electronics design and manufacturing, savings 
such as those achieved by using solder-retent clips become 
significant. In a marketplace where every cent counts, such 
cost savings become particularly crucial if your competitor 
enjoys them and you don’t. EDN 
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Please use the Information Retrieval Service card to rate this article 
(circle one): 
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ESD CLIP 


HEAD OF 
SOLDER- 
RETENT CLIP 





The head of the retent clip, when activated, rests squarely on the extension of the socket’s ESD clip, providing a continuous 


ground path. 
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On-Resistance (Q) 


0.12 


erence. 


We're redefining surface- 
mount power by combining 
the best power MOSFET 
performance with a JEDEC- 
standard 8-pin TSSOP 
package. 







Achieve Higher mes . Ss 


with Lower On-Resistance 
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The new Silico 


















The newest LITE FOOT™ products 
from Siliconix are the most power- 
efficient solutions for load switching, 
power switching, and dc-to-dc 
conversion in your 5-V or 3.3-V 
logic systems. They’re rated for use 
down to 2.5 V, and they 
provide on-resistance as 
low as 35mQ at 4.5V. 
What’s more, operating at a 
Vag of 2.5 V, LITE FOOT 
gives you the option of using 
new battery technologies 
like single-cell lithium ion. 


Now you can redefine the 
standards for smaller, 
lighter, and more competi- 
tive portable products. The 
small footprint (19 sq. mm.) and low 
height (1.1 mm) of LITE FOOT 


power MOSFETs make them the best 
devices available for high perform- 
ance, space-sensitive applications. 
And they’re available in p-channel 
and n-channel single, dual, and 
complementary configurations. 


So if you want to set new standards 
for performance and portability 
with your new designs, call your 
local TEMIC sales office. Or call 
1-800-554-5565, ext. 954, for the 
latest LITE FOOT data book. 


TEMIC 


Siliconix, A Member of TEMIC 


The FLIP @nturp Series 


A New Era in VF Displays 


Key Features 


e Interface to Intel or Motorola 
host processors. 

e Emulate Hitachi 44780 data 
input.t 

e Parallel 8-bit or serial EIA-232 
data to 19.2Kb. 

e Low 5Vdc power. 

fi ae = °. 100% surface mount tech- 

J — nology. 

' |e Standard temperature range 
-20° to +70°C. Extended 


range available -40° to 
+85°C. 


ie : ——- isaac e Hardware and software self- 
03702-020-05220 test modes. 





03602-100-05420 


Software Control Features 










eSelectable character sets: ASCII, | ("axe SREP EERE ERs ‘ eee PPVRRPRWREEEHR | ante 
e Py A ane q bait a a Te Be loath re ioe ee eo aa ee ee dead tts : 
European, Katakana, Cyrillic and | — ee 
Hebrew.t 
eSegmented displays have standard 
ASCII 64-character set. — ee eles 
e Ten (10) user-defined, downloadable obo feces Sones 
characters.t 
e Vertical and horizontal scroll modes. Le Ser 4 ee SS i 8 thy BR er 


eEight (8) software and hardware 
controlled dimming levels. 


e Variable blink fields and rates. 


e Screen saver control mode for increased 
tube life. 


¢ Bell alarm output.t 


ececs 
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t Dot matrix units only 
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 ____Pacage Size: 





Model Character Format Display Format Character H 

















eight Length Width Depth Max. Current 
03602-100-05420 5x7 dot matrix 4x20 Sam st 5.00, 2/78 #£«0.92° 890mA 
03602-105-05220 5x7 dot matrix 2x20 Smm=—s—si‘<‘é é«éOO”= 60205") 088" 405mA 
03602-122-09220 5x7 dot matrix 2x20 9mm — fo 2567 1.00" 675mA 
03602-124-09420 5x7 dot matrix 4x20 9mm — 773 3407 1.00" 1300mA 
03702-020-05220 14-segment 2x20 5mm 565 (98 # £06827 270mMA 
03702-021-08110 14-segment 1x10 8mm 500° 160° £40.90" 140mA 
03702-022-13112 14-segment 1x12 13mm 720 240 £=O90" 323mA 
03702-024-09116 14-segment 1x16 9mm 6/0 240 0.90” 360mA 
03702-026-09120 14-segment 1x20 9mm 630° 235 £095" 390mA 
03702-029-13120 14-segment 1x20 13mm 10.207 193 0.96" 526mA 
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Linear Technology Corp. 











ICs & Semiconductors 


TrueGauge MTA11200 Battery-Management 
IC, Microchip Technology, Inc. 


V.flex High-Speed Modem Chipset, 
AT&T Microelectronics 


Microprocessors 
NLX220 Fuzzy—Logic wC, American 
Neuralogix, Inc. 


68060 wP, Motorola, Inc. 


Test © Measurement 
TDS 700A Series DSOs, Tektronix, Inc. 


Embedded Systems 
DiskOnChip Flash-Memory Module, 
M-Systems, Inc. 


Power Sources 
— 3C050M Powerdex Lithium Battery, 
— Goul L, Inc. 






1991 - ISD 10xx Analog 

Storage ICs, Information Storage Devices Inc. 
1992 - ADXL50 

Acceleration Sensor, 

Analog Devices Inc. 

1993 - LTC1145 and LTC1146 Isolator ICs, 
Linear Technology Corp. 






























Test © Measurement 

1990 - Crosscheck Test Technology, 
Crosscheck Technology Inc. 

1991 - HP54600A 100-MHz Digital Storage 
Oscilloscope, Hewlett -Packard Co. 

1992 - 90-Series Scopemeters, John Fluke Mfg 
Co Inc./Philips Test and Measurement 

1993 - TDS 544A Digitizing Oscilloscope, 
Tektronix Inc. 


CAE/CAD 

1990 - Analog Fasttrack design system, 
Harris Semiconductor 

1991 - Falcon Framework For Concurrent 
Design, Mentor Graphics Corp. 

1992 - DESP Station Software, 


Mentor Graphics Corp. 
1993 - Analog Model Synthesis, Analog Inc. 


Computers and Peripherals 

1990 - Hp 48SX scientific calculator, 
Hewlett-Packard 

1991 - Color LCD Technology, 

In Focus Systems Inc. 

1992 - Stingray 1842 1.8-in. Disk Drive, 
Integral Peripherals Inc. 

1993 - Touchmate Touch-Sensing Peripherals, 
Visage Inc. 


Components, Hardware and Interconnects 

1990 - EL 1C-C000 VGA display, Cherry Corp. 
1991 - Isocon Interconnnection System, 
Rogers Corp. | 
: 4 Programmable Interconnnect 







What engineering is really all about. 


New Titles in the 


EIDIN 


SERIES FOR DESIGN ENGINEERS 


Simplified Design 
of Linear Power 
Supplies 


John D. Lenk 


¢ No previous design experience is required to 
use the techniques described 


All popular forms of linear supplies are covered in 
detail (including zener, 3-terminal, feedback, 
current foldback, op-amp, series, shunt, and IC 
package) 


Simplified Design of Linear Power Supplies is an all- 
inclusive, one-step guide to linear power supply 
design, using step-by-step instructions and diagrams. 
The first half of the book describes how linear power 
supplies operate and explains what is required to 
design such supplies. The second half provides 
specific design examples, using the techniques 
described in the first half. The basic approach is to 
start design problems with approximations for trial- 
value components in experimental circuits, then to 
vary the component values until the desired results 
(input/output, voltage and current, line and load 
regulation, ripple rejection, noise, etc.) are produced. 
The design examples can be put to immediate use as 
is, or can be modified to meet a specific design goal. 


CONTENTS 

Linear Power Supply Basics ¢ Heat Sinks for Linear 
Power Supplies ¢ Discrete Feedback-Regulator 
Basics ¢ Linear Regulator Basics * Op-Amp Linear 
Regulator Basics ¢ Linear Supply Testing and 
Connections ¢ Linear Supply Design Examples 


August, 1994 « 240 pp. * hardcover 
isbn 0-7506-9506-4 * $29.95 


Power 


Supply 
Cookbook 


Marty Brown 





¢ Provides easy-to-follow, step-by-step procedures 
for every phase of power supply design 


¢ Trains the technician or engineer, regardless of 
their discipline, to complete a complicated power 
supply design in less than one day 


The Power Supply Cookbook is organized in such a 
way as to permit you to design a complicated power 
supply to fit your needs in less than eight hours. It 
covers every phase of design from magnetics design 
and feedback loop compensation design to RFI/EMI 
control. In addition, this practical reference provides 
common industry design approaches with explana- 
tions for ease of implementation. No other book 
discusses the noise and layout issues involved in a 
design and then weaves its importance into practical 
design examples. 


CONTENTS 

The Role of the Power Supply within the System and 
the Design Program ¢ Basic Linear Regulator 
Operation * Pulsewidth Modulated Switching Power 
Supplies * Quasi-resonant Switching Power Supplies 
e Appendices 





August, 1994 ¢ 248 pp. © hardcover 
isbn 0-7506-9442-4 © $39.95 
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Careful system analysis yields 
optimum IC-based PCMCIA 
power control 


BoB WOLBERT, MICREL SEMICONDUCTOR 


While the PCMCIA PC Card 
standard provides a frame- 
work for system design, it 
also allows considerable lat- 
itude to interpret such 
aspects as power manage- 
ment. Even the latest speci- 
fication, introduced in 
March, requires reading 
between the lines to successfully design a PC Card slot into 
a system. 
When choosing a PCMCIA power controller, consider 
@ Functionality: V_,. selection (3.3 or SV); V,, selection (12, 
2) 3,01 OV) 
@ Acceptably low R,,, 
e@ Protection: linear current limiting and overtemperature 
shutdown 
@ Controller interface without external components 
e@ Error-indicator feedback to logic controller 
@ Controlled rise times to ensure no cross conduction or 
ringing. 

The first item, functionality, presents you with a basic 
decision. Two types of systems exist today: those that have 
a single V.. supply (generally SV) and those with dual sup- 
plies (3.3 and 5V). If your target system uses only cards with 
a single V., then you need not worry about 3.3/SV selec- 
tion. However, you then need to consider the compatibility 
issues that can arise because your system lacks a “standard” 
feature. The same argument applies to the various V,,, volt- 
ages. ; 

Acceptably low R,,,, is a more difficult consideration that 
requires interpreting the PCMCIA specification. Protection 


In designing power-management circuitry into 
a PCMCIA-standard PC Card, you face an 


economic trade-off between power-switch 
on-resistance and power-supply accuracy. 





features are important for a 
long service life and a good 
warranty record. Fumbling 
fingers, probing pencils, and 
shorted cards can destroy an 
unprotected slot. A “glue- 
less” interface with the logic 
controller minimizes board 
space, complexity, and cost. 
An error flag feeds back slot-fault-status information that 
enables the logic controller to take protective action. Con- 
trolled rise times prevent damaging voltage overshoot that 
could destroy sensitive card electronics and prevent power- 
wasting “shoot through.” 


PCMCIA specifications 

The following discussion is valid for any system, from a 
handheld data-acquisition system to a high-performance 
workstation. We’ll start by examining the PCMCIA PC Card 
specification for V_... This supply, previously SV only, is the 
main power source for the card. The new low-voltage option 
mandates a “cold socket” with V_,, disabled until you insert 
the card. A combination of voltage-select pins and mechan- 
ical keys on the card and socket differentiates standard (SV) 
and low-voltage cards. The keys prevent low-voltage cards 
from fitting into'SV sockets. The voltage-select pins signal 
which initial voltage the card accepts. 

The current requirement for V_, is 1A max. The specifica- 
tion allows systems using small batteries incapable of sup- 
plying large loads to simply reject high-current cards. The PC 
Card standard limits rise and fall times (measured between 
the 10 and 90% points), as well as transition timing. 
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PCMCIA POWER CONTROL 


Figs 1 and 2 show these limits. Rise time, t,, must be between 
100 sec and 100 msec. Fall time, t,, must be between 3 and 
300 msec. 

A dual-V_,. voltage capability creates a new problem: the 
need to change from one V_, level to another. The timing 
diagram in Fig 2 shows the sequence. Upon receipt of the 
command to change V.., the power-control circuit must 
turn off the present V_.. and let it drop below 0.8V. After at 
least 100 msec, the circuit enables the new supply voltage, 
following the same rise-time specification: 100 psec to 100 
msec from the 10 to 90% points. 


Vp requirements 

The latest PC Card standard maintains the poorly defined 
specification for the “program and peripheral” power sup- 
ply, V,», intended for flash-memory write operations. The V,,, 


voltage is generally either V_,. or 12V. The spec defines two 
independent V,,, pins, V,,, and V,,,. Many manufacturers 
combine these pins and drive them together. No known PC 
Card has a problem with this short cut, but it technically vio- 
lates the specification. 

Though we could justify the same amount of current for 
Vp as for V.., 12V at 1A represents a power of 12W, which 
would seriously cut battery life. A more realistic approach is 
to evaluate the predominant V,,, client’s requirement: the 
flash-memory card. Standard flash cards require 12V at a cur- 
rent between 30 and 120 mA for erasing and programming, 
to evaluate the predominate V,,, client’s requirement: the 
flash-memory card. Standard flash cards require 12V at a cur- 
rent between 30 and 120 mA for erasing and programming, 
and demand 5% V,,, accuracy for these delicate operations. 
The spec does not define V,,, switching times. For flash cards, 





V_, rise time (t,) must be between 100 j:sec and 100 msec; fall time (t,) must fall within 3 and 300 msec. 


TABLE 1—V_. PIN POWER-SUPPLY 
REQUIREMENTS 


V.-=5V supply 
accuracy (%) 


Maximum switch 
resistance (m{)) 


V.,=3.3V supply 
accuracy (%) 


Maximum switch 
resistance (mQ) 
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TABLE 2—V,,, PIN POWER-SUPPLY 


REQUIREMENTS 
V,p=12V supply 
accuracy (%) 


Maximum switch 
resistance (m{)) (at 120 mA) 


V..=S5V supply 
accuracy (%) 


Maximum switch 
resistance (mQ) (at 60 mA) 








The 100mQ relay 
— Is here to last. 


Or why our new low contact resistance PVNO12 
solid-state relay saves you more than copper. 





Contact Resistance ; 
(milliOhms) End of life 
1,000 ce 





Relay Contact Stability 


500 
Miniature EMR 


gee 
auntie sae 
seein sagt 
eeuneematnaen 4 
Wrrcisici: vixtiescaaaa 
ee 
Rae : 


| 
Initial specification | | PVNO12 SSRI 





50 i 
1M 10M 100M 
Number of Operations 


10K 100K 


Thanks to our HEXFET power Our 6-lead DIP relay switches IR’s general purpose PVNO12 is 
MOSFET as the output switch, no ac or dc signals up to 20V. And __ the newest from a broad catalog of 
comparable electromechanical relay handles 4.5A loads for the highest — value-priced, space-saving SSRs. 
outlasts our PVNO12 SSR. Reason? — current density of any relay. Which — Delivery? From stock. For free 
A steady 100mQ on-resistance. And = means our solid-state relays save Designers Manual, call 800-245- 
no wear. No bounce. No noise. For you more over time than copper- 5549. For data sheet, call our Fax-on- 
longer, more reliable performance. contact mechanicals. Demand for Document No. 10034. 


HEXFET is a reg. tm of International Rectifier. 310-252-7100 


PVNO12 Solid-State Relay shown actual size. 


r¢@R||nternational Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245 310-322-3331 * FAX: 310-322-3332 * EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND ¢ 1883-713215 * FAX: 1883-714234 
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writing is prohibited until the V,,, supply is sta- 
ble, so supply stabilization effectively deter- 
mines the write-access time of a flash “disk.” 
However, excessively fast rise times lead to 
ringing that can destroy sensitive flash memo- 
ries. Therefore, you should strive for maximum 
rise time with zero overshoot. Practical circuits 
perform this task in 10 to 100 msec. 


PC Card slot implementation 

A critical requirement for compatibility, per- 
formance, and reliability in the field is a low 
voltage drop at the maximum expected supply 
current. The V_... supply, with its 1A output-cur- 
rent specification, requires an extremely low 
on-resistance, as shown in Table 1. This table 
shows the highest switch resistance that allows 
pin voltage to meet the required V,,,., at a given 
power-supply accuracy. 

The key point to remember is that slot volt- 
age depends on a combination of factors: 
input-supply accuracy, card power draw, pin 
resistance, and switch resistance. Reasonable 
values of V..=5V switch resistance and power- 
supply tolerance indicate that a good match 
exists with a +2% V_... supply and a 100-mQ, 
switch. The reduced accuracy requirements of 
the 3.3V supply allow the use of a lower cost 
+5% supply with a moderate-performance 90- 
mQ) switch or a +2% supply with a 190-mQ 
switch. Small systems that do not support hard- 
disk drives or other high-current cards may 
accommodate higher switch resistance, there- 
by trading lower power-system cost for reduced 
compatibility. 

Table 2 shows V,,, on-resistances. For 
V,p=12V, acceptable switch resistance is just 
over 1{) if the power system can guarantee +4% 
accuracy. Finite pin and pc-board trace resis- 
tances preclude the use of a +5% supply, 
because the pin-voltage limit is also +5%. When 
Vep=Vec, the current demand changes. Pro- 
grammable SV flash cards need supply currents 
as high as 60 mA at 5V+5%. Using the same +2 
to +3% supply required to meet the 5V V., 
specification, the SV V,,, on-resistance should 
range from 1 to 2.40. No available card requires 
any appreciable current when V,,,=3.3V, so the 
on-resistance for this switch is not critical. Sys- 
tems with V,,=3.3V and SQ on-resistance are 
common, with no user complaints of incom- 
patibility. 


The R,,-vs-tolerance trade-off 


The PC Card specification provides the 
required pin-voltage tolerance, pin and socket 
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Rise and fall times for each supply in a switched 5 to 3.3V system are the 
same as in Fig 1. Before changing supplies, V.. must go below 0.8V for at 
least 100 msec (t,). 
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This graphic relates 3.3V power-supply accuracy and maximum output cur- 
rent for a number of available power switches. The size of the “safe-oper- 
ating-area” blocks is a function of the switches’ on-resistance. 





ULTRA-SMALL, PUSH-ON, LOCKING, 
RF COAXIAL CONNECTORS 


Hirose has introduced the POD1 series of push-on, lock- 
a = Ing, RF coaxial con- 
_ 7 i nectors. They are 
| about half the di- 
| ameter dimension 
____| ofthe most popular 










eter of jacks and 
plugs is as small as 7.6mm. The push-on POD-1 connec- 
tors provide optimum 50 ohm impedance for external 
wiring of microwave band and high-speed pulse transfer 
signals in mobile communications equipment. They are 
ideal for measuring instruments and are currently being 
utilized in GPS and similar RF applications. The unique 
push-on locking system works by locking the connector no 
matter which part of the connector is held. V.S.W.R is 1.3 
or less from DC to 3 GHz (not including the terminator). 
Contact the sales department, Hirose Electric 
(U.S.A.), Inc., 2688 Westhills Court, Simi Valley, CA 
93065. (805) 522-7958 or fax (805) 522-3217. For instant 
fax catalog information: 1-800-879-8071. Ask for #4004. 
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WORLD’S SMALLEST SUBMINIATURE, 
ROUND, MULTI-CONTACT CONNECTORS 


Hirose is now providing the HR25 series of subminiature, 
round, multi-contact connectors. Ideal for use with minia- 
ture and high-density designs, the HR25 series offers a max- 
imum of 20 contacts which have been condensed into an 
outside diameter of 12.5mm and a maximum of eight con- 
tacts into 10.5mm to achieve the world’s smallest, high-den- 
sity screw lock connectors. Available in a range of 4, 6, 8, 
12, 16 or 20 contacts, the HR25 series is ideal for a wide 
range of applications, including CCD cameras, measuring 
instruments, sensors and interfaces for mobile radios. 
Contact the sales department, Hirose Electric (U.S.A.), Inc.., 
2688 Westhills Court, Simi Valley, CA 93065 (805) 522- 
7958 or fax (805) 522-3217. For instant fax catalog infor- 
mation: 1-800-879-8071. Ask for #1007. 
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“FLIP-LOCK” SMT/ZIF TYPE FLEXIBLE 
PC BOARD CONNECTOR 


Hirose Electric 
(U.S.A.), Inc., is 
producing the FH12 
series of mini- 
ature connectors 
for FPC/FFC use. 
These newly devel- 
oped connectors use a “flip-lock” concept and can be used 
with surface mount technology to prevent problems asso- 
ciated with slide-lock systems. FH12 series connectors 
have spacing of 0.5mm (0.020") and are suited to high 
density mounting, with a mounting height of only 2mm. 
The new connector has also been reduced by 1.7mm in 
length compared to earlier Hirose products. It is available 
with 10, 15, 20, 24, 30, 33, 36, 40, 45 and 50-positions. 
Hirose’s one-touch ZIF (zero insertion force) technology 
Offers labor-savings, even with multiple contacts. 

Contact Hirose Electric (U.S.A.), Inc., 2688 Westhills 
Court, Simi Valley, CA 93065-6235. (805) 522-7958 or fax 
(805) 522-3217. For instant fax catalog information: 
1-800-879-8071, ask for #6004. 
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72-pin SIMM SOCKET 


Hirose is providing the SX3, a newly developed SIMM socket suitable for JEDEC standard 72-pin memory module boards 
with 1.27mm (0.050") spacing. Through the use of FEM analysis, Hirose has molded a latch system which is more durable 
and cost-effective than other products on the market. Contacts on the SX3 provide high performance by utilizing a smooth, 
rolled-surface design. Preloaded contacts provide a stable, reliable force and make the SX3 ideal for personal computers, 
workstations, computer peripherals, hard disks, office automation equipment and eeu instruments. 
For further information, contact the sales department, Hirose p> 
Electric (U.S.A.), Inc., 2688 Westhills Court, Simi Valley, CA } 
93065. (805) 522-7958 or fax (805) 522- 
3217. For instant fax catalog 
information: 1-800-879- 
8071. Ask for #5023. 
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With packaging 
- getting smaller, Hirose 
offers the interconnect that 
holds this technology together. 
It is Hirose’s growing series of low- 
cost, high-density, board-to-board SMT 
stacking connectors. 


For starters, the new DF15 has tight 
Ts 65mm (0.026") spacing and from 20 to 
| ies contacts, with stacking heights from 
m= 4mm to 8mm in 1mm steps. 


Another board-to-board connector, with 
9 to 51 positions, is the DF9. It has a popu- 
lar 1mm (0.39") center line and a mated 
height between PCBs of 4.3mm. 
Available in 20 to 60 posi- 
tions, Hirose’s DF12 offers the 
tightest spacing with its 
0.5mm (0.020") center line. 
oe” Choose from a large family of 
—_— "ull wing contact connectors, each 
ideal for miniaturization. Hirose offers 
variable stacking heights and a variety of 
contact centers. Plus, tape and reel packaging 
for pick and place automation to reduce pro- 
duction costs. 


Hes Hirose Electric (U.S.A.), Inc. 
2688 Westhills Court, Simi Valley, 


CA 93065-6235 © (805) 522-7958 Ask for Extension 24 or 29 
FAX (805) 522-3217 CIRCLE NO. 189 
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resistance, and the maximum allowable cur- 
rent. Using these numbers, you can determine 
the maximum allowable power-switch on- 
resistance and power-supply tolerance. Note 
that, in many cases, a standard +5% supply is 
inadequate to meet the specifications. A more 
expensive, tighter tolerance supply is neces- 
sary, and the tolerance requirement becomes 
more stringent when you use switches with 
higher on-resistance. Generally, you can avoid 
the higher cost of a high-precision power sup- 
ply by using a slightly more expensive, lower- 
resistance switch. In general, a power supply 
with a +2% tolerance is about $2 per output 
more expensive than a +5% supply. This cost 
increases rapidly when you require even tighter 
tolerances. 


Design examples 

Consider three specific system applications 
with differing power requirements. Proper elec- 
tronic design requires taking account of the 
expected worst-case conditions, so we’ll 
assume a 70°C die temperature for the switch. 
It’s not wise to use room-temperature specifi- 
cations for portable systems. 

The first example involves a subnotebook 
computer. A user considers such a computer, 
equipped with a 486 or better proces- 
sor, as a full-featured machine. Expec- 
tations are that the computer will sup- 
port any PC Card, including modems 
and hard-disk drives. Therefore, the 
machine must provide the full 1A V,, 
output capability. Here, we choose a 
Micrel Semiconductor MIC2560 V_, 
and V,,, power controller for switching. 
Using the on-resistance specs in Table 
3, let’s examine the requirements for 
the power-supply specifications: 


Voc= SV, Loy =A 
MIC2560 on-resistance=100 mQ, 
Socket pin resistance=+45 mQ 
Total resistance=145 mQ. 


Si9711 
Si9712 
TPS2201 


So the minimum V_,. input for 4.75V at the card is 
4.75+(1AX145 mQ)=4.895V. The system power supply must 
provide 4.895 to 5.25V. You could state this as 5V+5%, 
-2.1%, or 5$.073V43.5%. This 5.073V nominal supply volt- 
age is well within the acceptable tolerance of a standard 
SV+5% supply, so it can power all the 5V components in the 
system. 

Voc=3.3V, 155 ,7=1A 
MIC2560 on-resistance=66 mQ 
Socket pin resistance=+45 mQ 
Total resistance=111 m. 
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V.. switch V 
(lower is better) 








Because of excessive on-resistance, some available power switches are 
unsuitable for 5V, 1A applications. 


Supply tolerance (%) 
(wider is better) 
@1A @750mA 


V,p switch V 


The minimum V,.,. input for 3.0V at the card is 
3.0V+(1AX111 mQ)=3.111V. The required power-supply 
voltage is from 3.111 to 3.6V. A 3.3V+9%, -—5.7%, or a 
3.356V+7.3% supply is suitable. 

In the second example, we consider a handheld, or palm- 
top, computer. These machines generally require a commu- 
nications capability via a PC Card modem. They usually 
don’t accommodate a hard-disk drive because of battery- 
capacity constraints. Assuming a modem draws 300 mA 
from a S or 3.3V supply, we select the MIC2561 V_.,. and V,, 
power controller. The palmtop’s supply requirements are: 
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Real-Time Development 
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Announcing FasTrak for Windows, a PC-hosted version of OS-9 REAL-TIME DEVELOPMENT JUST GOT EASIER 


Microware’s popular FasTrak development environment. we 
POP P FasTrak for Windows features an extensive suite of tools to simplify 


SIMPLY PRODUCTIVE UNDER WINDOWS the development of your real-time application. You save time and 


money getting your product to market faster — using your PC. 
Hosted under Windows 3.1, FasTrak is optimized to target Motorola’s 


680X0, Intel’s 80X86/Pentium — and soon PowerPC — processors. PROVEN QUALITY 
FasTrak for Windows is an Integrated Development Environment 


(IDE) that includes: 


In over 4,500 designs, engineers have relied on Microware’s quality 
solutions for their most demanding applications. Microware’s recent 


e Ultra C ANSI C Compiler achievement of ISO 9001 certification by Underwriters Laboratories 
Automated Build/Makefile Generation 
Version Control 


(UL) underscores our continued commitment to quality and reliability. 


Text Editing Learn how FasTrak for Windows can simplify your real-time develop- 
Source Level Debugging 


Target System Profiling 
Host to Target Communication 


ment challenges. Call Microware toll-free at 1-800-475-9000 for more 


information about FasTrak for Windows. 


r) ISO 9001 
Systems 
» Corporation 
MICROWARE SYSTEMS CORPORATION Reg. No. A3084 





1900 N.W. 114th Street ¢ Des Moines, lowa 50325-7077 © Phone: 1-800-475-9000 or (515) 224-1929 ¢ Fax: (515) 224-1352 ¢ Internet: info@microware.com 


Microware and OS-9 are registered trademarks of Microware Systems Corporation. FasTrak and Ultra C are trademarks of Microware. PowerPC is a trademark of International Business Machines. Motorola product names are trademarks of Motorola Inc. Intel 
product names are trademarks of Intel Corporation. Windows is a registered trademark of Microsoft Corporation. All other brand or product name are trademarks or registered trademarks of their respective holders. 
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Current 
limiting 


(Vp) 


Current 
limiting 


(Veo) 


CardBus 


Device compatible 


MIC2560 
MIC2561 
1TC1472 
MAX1600 
$i9711 
$i9712 
TPS2201 


Vic=SV, 154,,;=300 mA 
MIC2561 on-resistance=300 mQ) 
Socket pin resistance=+45 mQ, 
Total resistance=345 mQQ. 


The minimum V,,. input for 4.75V at the card is 
4.75V+(300 mAX345 mQ)=4.835V. The system power sup- 
ply must provide 4.835 to 5.25V. You can state this as 
5V+5%, —3.4% or 5.043V+4.0%. 


V6c=3.3V, I,,;=300 mA 
MIC2561 on-resistance=185 mQ, 
Socket pin resistance=+45 m0, 
Total resistance=230 m?. 


The minimum V_,. input is 3.111V, which denotes a 
3.3V+9%, -5.7% or a 3.356V+7.3% supply. For V_, we note 
that the on-resistances of the MIC2561 are suitable for the 
intended PC Card load, given 5V+3.4% and 3.3V+5.7% sup- 
plies. On the other hand, the MIC2560 would do the same 
job with 5V+4.1% and 3.3V+8% supplies. You must weigh 
the additional cost of the MIC2560 against the (usually 
much larger) added cost of a more accurate supply. 

In the third example, we consider equipment used for 
data-taking, such as handheld loggers, DVMs, and invento- 
ry checkers. This type of equipment does not require exten- 
sive compatibility with various types of PC Cards. The equip- 
ment generally uses either SRAM or flash-memory cards and 
operates with a single V_, voltage. If this V.. is SV, the PCM- 
CIA specification allows hard-wiring the supply to the pin. 
Otherwise, a simple, single-pole MOSFET switch can enable 
Vic to the card. 

You can achieve V,,, control by using the MIC2557 power 
controller for systems that tie V,,, and V,,, together or the 
MIC2558 to support separate V,,, pins. Some 5V-only flash 
cards draw as much as 60 mA from V,,,. You can accommo- 
date these cards by connecting the two halves of the 
MIC2558 in parallel and using a 5V+5%, -3.4% (or 
S.04V+4.1%) supply. The MIC2559 has improved V..=V,, 
on-resistance and allows the use of a 5V+5%, -4% (or 
5.025V+4.4%) supply. 

When selecting a power controller for PC Card slots, 
remember that both specified and nonspecified parameters 
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affect compatibility. A controller must switch all required 
supply voltages for both V., and V,,, with acceptable on- 
resistance across the operating-temperature range and with- 
out cross conduction or ringing. It should also protect the 
rest of the system from any fault condition and signal the 
logic controller when such a fault exists. Table 4 lists the fea- 
tures available in several PC Card power switches. 

The switches you use for V_,. selection must provide a few 
features not mentioned in the PCMCIA specification. They 
must properly sequence the 3.3 and 5V supplies so no shoot- 
through paths exist, and they must exhibit minimal dam- 
aging voltage ringing. A price/performance trade-off exists 
between switch on-resistance and the required V,,. supply 
accuracy. For any given output current, the switch with 
lower on-resistance allows use of a lower cost, lower accura- 
cy supply. In many cases, you realize the lowest system cost 
by using the best available power switch. EDN 
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NOW A VACUUM IN THERMAL DESIGN 
IS BEING FILLED WITH PATENTED 
VACUUM DIE CASTING 


TECHNOLOGY. 
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To greatly advance 
technology in thermal and packaging design, 
Aavid has created an extraordinary breakthrough. 
Now from simple pin fin heatsinks to highly complex 3-D castings, there’s no excuse. 
It can be done with Vacuum Die Casting. Unique, patented, and versatile, this sophisticated process 
is expanding designers’ imaginations and solving problems on a global scale. 


No matter which way you look at Vacuum Die Casting, the benefits are obvious. Higher densities. 
Broad material range. Thinner walls. Complete predictability. Lower ultimate weight. 
Greater strength. Higher quality. Package integration. Design freedom. EMI/RFI shielding. 
The list is long and uniformly impressive. 


If you have a complex set of thermal and packaging requirements, contact Aavid. With Vacuum 
Die Casting we can usually come up with a single part solution that will simply amaze you. 
That’s what our cool, clear thinking is all about. 


AAVID 


THERMAL TECHNOLOGIES, INC. 


One Kool Path * P.O. Box 400 * Laconia, New Hampshire 03247-0400 * USA 
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World's Fastest A/D Cards 
mel m=) 





DSPLINK Bus Available 
Communicate with 200 MFLOP DSP ! 


LabVIEW & 
LabWindows CVI 
Compatible !! 





: CSLITE 8 bit/40 MSPS/ 16K $595 ; 
: iv; CS225 8bit/50MSPS/128K $1,995 
V Up to 60 MSPS, 12 bit Real Time A/D CS250 8bit/100 MSPS/32K $3,500 
| | Up to 250 MSPS, 8 bit Real Time A/D CS2125 8bit/250MSPS/256K $4,995 


CS1012 i2bit/20MSPS/512K $4,995 
4 Memory depth Te to 16 WW eke retetelanl e) (sts CS6012 12bit/60MSPS/512K $6,995 


U.S. Prices. International prices may vary 





_\. Up to 32 inputs in one chassis 


\ Drivers in C, BASIC, Windows DLL © CF Cs C7 


V¥ FREE GageScope software 





GAGE APPLIED SCIENCES INC. 
5465 VANDEN ABEELE 


CALL 1-800-567-GAGE MONTREAL QC, CANADA H4S 181 


Tel : (514) 337-6893. Fax : (514) 337-8411 
Ask for extension 3404 BBS : (514) 337-4317. CompuServe : 73042,346 
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Step-up switching-regu- 
lator families offer low 
quiescent currents. The 
TC17 family of PWM step- 
up switching regulators has 
a 30-y1A quiescent current. 
The TC18 family of pulse- 
frequency-modulated step- 
up switching regulators has 
a 6-wA quiescent current. 
Both regulators are available 
with standard output volt- 
ages of 5, 3, and 3.3V. Cus- 
tom output voltages of 2.7 to 
7.5V in 0.1V steps are also 
available. Output voltages 
are accurate to +2.5%. The 
regulators come in SOT-89 
packages and suit use in 
small, portable equipment, 
such as pagers and cellular 
phones. $1.66 (1000). Tel- 
com Semiconductor Inc, 
Mountain View, CA. (415) 
968-9241. Circle No. 400 





& Voltage-feedback op 
amp has 940-MHz gain- 
bandwidth product and 
50-mW power dissipa- 
tion. The OPA651 is com- 
pensated for stability in 
gains of two or greater. Key 
specifications include a 4-yA 
input-bias current, —78-dB 
harmonics at 5 MHz, 0.01% 
differential gain error, and 
0.025° differential phase 
error. The device is available 
in eight-pin DIP and SO-8 
packages and has perfor- 
mance specified from —40 to 
+85°C. $1.95 (1000). Burr- 
Brown Corp, Tucson, AZ. 
(602) 746-1111. 
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High-precision voltage 
references offer low 
noise and low drift. The 
VRE300 series voltage refer- 
ences use a zener reference 
and a patented temperature- 
compensation technique. 
The devices are available in 
performance grades of 0.6-, 
1-, and 2-ppm/°C TCs and 
0.5-, 0.8-, and 1-mV initial 
error. Output voltages 
include 10, 5, 4.5, and 2.5V. 
The devices come in eight- 
pin DIP and surface-mount 
packages. From $5.80 
(1000). Thaler Corp, Tuc- 
son, AZ. (520) 882-4000. 
Circle No. 402 


Multiple-output clock 
synthesizer suits PCI bus 
systems using a Pentium 
processor. The W48C60- 
402 provides four skew-con- 
trolled CPU clock outputs, 
six skew-controlled PCI 
clock outputs, one 24-MHz 
clock for floppy-disk drives, 
one 12-MHz keyboard clock, 
and two 14.318- 
MHz reference 
clocks. Skew be- 
tween outputs 
in the CPU and 
PCI clock-out- 
put group is 100 
psec typ, jitter is 
+250 psec max. 
The chip also 
has a built-in 
crystal oscillator 
circuit. It comes in a 28-pin 
SOIC and operates from a 
3.3 or 5V source. The chip 
costs; §2:87. (146,000). IG 
Works Inc, San Jose, CA. 
(408) 922-0202. 

Circle No. 403 


Core-logic chip set for 
AMD K5, Cyrix M1, and 
Intel Pentium processors. 
The chip set includes the 
MiS5?T1I° memory «cache 
buffer controller, the M1513 
SIO controller, and two 
M1512 data buffers. The 
chip set works with up to 
150-MHz Pentium proces- 
sors. It supports caches up to 


1 Mbyte using pipelined- 
burst, burst, and standard 
SRAMs. Standard memory 
can include up to 768 
Mbytes using high-perfor- 
mance, extended-data-out 
or standard DRAM. The chip 
set also integrates bus-mas- 
tered IDE and keyboard con- 
trollers to reduce parts count 
on the system board. The 
M1511 and M1513 come in 
208-pin PQFPs, and the 
M1512s come in 100-pin 
PQFPs. The chip set costs 
$22 (OEM). Acer Laborato- 
ries Inc, Pacific Technology 
Group, Santa Clara, CA. 
(408) 764-0644. 

Circle No. 404 


PCMCIA Single Slot 5V/3.3V Vcc Switch 


SVin —- Vin 
LTC1470 





& Power-matrix switch 
for PCMCIA has short-cir- 


cuit protection. The 
LTC1470 switches among 5 
and 3.3V and off. It hesa 1A 
output-current capability 
and a current limit and ther- 
mal shutdown to protect the 
socket, the card, and the 
power supplies against short 
circuits.. The:.s.,and 3,3V 
switches have typical on- 
resistances of 0.14 and 
0.120, respectively. Output 
leakage is 0.01 pA in the off 
state. A SV supply powers 
the switch, which comes in 
an eight-lead SOIC and costs 


$2.35 (1000). The LTC1471 


is a power switch for dual- 
PCMCIA-slot applications. It 
comes in a 16-lead SOIC and 
costs $3.95 (1000). Linear 
Technology Corp, Milpitas, 
CA. (408) 432-1900. 

Circle No. 405 


10BaseT Ethernet IC sup- 
ports Plug and Play ISA 
standard version 1.0a. 
The 78Q8377 stores and 
reads configuration infor- 
mation in an external serial 
EEPROM, avoiding the need 
for jumpers. The EEPROM 
can also contain the address 
of an external boot device, 
allowing diskless worksta- 
tion boot-up. The IC in- 
cludes a full-duplex Ethernet 
media-access controller, a 
10-Mbps Manchester en- 
coder/decoder, a 10BaseT 
transceiver, and an attach- 
ment-unit interface for con- 
nection to other external 
transceivers. The device 
comes in a 128-pin QFP and 
operates from a 
SV supply. Sam- 
ples are avail- 
able now, and 
production is 
scheduled for 
the third quar- 
ter of. 1995, 
$15.50 (1000). 
Silicon  Sys- 
tems, Tustin, 
CA. (714) 573- 
6200. 

Circle No. 406 


ISDN user-interface chip 
supports Layer 1 and 2. 
The YM745S0B basic-rate 
interface controller for inte- 
grated-services digital net- 
work (ISDN) has an analog 
driver and receiver that 
reduces peripherals costs; 
support for automatic/non- 
automatic assignment of ter- 
minal endpoint identifiers; 
and support for European 
Telecommunications Stan- 
dards Institute standards for 
European applications. The 
device has a power-down 
mode for low-power applica- 
tions and comes in an 80- 
pin QFP or a 100-pin TQFP. 
Samples cost $25. An evalu- 
ation board for developing 
Layer 3 application software 
costs $395. Yamaha Sys- 
tems Technology Division, 
San Jose, CA. (408) 467- 
2300. Circle No. 407 
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Ethernet controller has 
PCMCIA interface and on- 
chip RAM. The SMC91C94 
Ethernet controller includes 
4608 bytes of on-chip RAM. 
It also can send information 
over the network or to the 
CPU’s system RAM before 
the controller receives a 
complete packet. According 
to the company, the feature 
improves performance up to 
45%. Except for the addition 
of a PCMCIA interface, the 
architecture and features of 
the chip are the same as 
those of the SMC91C92. It is 
pin- and register-set-com- 
patible with the earlier 
device. The device comes in 
a 100-pin QFP or TQFP and 
costs $15 (1000). Standard 
Microsystems Corp, Haup- 
pauge, NY. (516) 273- 3100. 

Circle No. 408 


ICs for digital commu- 
nication systems reduce 
chip count. The devices suit 
use in PBXs, key systems, 
voice-response units, and 
automatic call-distribution 
— systems. The PEB 20550H 
extended line-card con- 
troller handles 32 digital sta- 
tions, replacing one line- 
card controller and 33 High 
Level Data Link Controllers 
(IDCs). Tt costs" $16 :510 
(20,000). The PEB 2084H, a 
four-channel transceiver for 
the S/T interface, costs 
$17.50 (20,000). The PEB 
2096H provides eight paral- 
lel, two-wire transceiver 
channels with a transmis- 
sion range >1.3 km. It costs 
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$28.10 (20,000). The PEB 
2465H is a DSP-based, four- 
channel codec that lets you 
connect four analog tele- 
phones via IOM-2 interfaces 
to a digital PBX. The device 
includes all the circuits for 
encoding, decoding, and 
PCM filtering of four voice 
channels. ‘It ‘costs $142 
(20,000). Siemens Compo- 
nents Inc, Integrated Cir- 
cuits Division, Cupertino, 
CA. (408) 777-4500. 

Circle No. 409 


Multimedia interface 
chip connects a variety of 
devices. The ES968 con- 
tains dual game ports to con- 
nect two joysticks to a mul- 
timedia PC, enabling two 
people to play interactive 
games simultaneously. An 
MPU-401 serial port inter- 
paces cuecny to a MIDI 
an) Music synthesiz- 
er. The CD-ROM 
interface con- 
nects to IDE CD- 
ROMs and to sev- 
eral CD-ROMs 
with proprietary 
Funrertaces.- the 
chip also sup- 
ports Microsoft’s 
add-in-card Plug 
and Play stan- 
dard. The device 
»,| comes in a 100- 
pin PQFP and 
costs $4.50. ESS 
Technology Inc, Fremont, 
CA. (510) 226-1088. 

Circle No. 410 


CAM provides user-con- 
figurable RAM with each 
entry. The MU9C1240 Fast- 
CAM provides associative 
caching at clock periods 
down to 50 nsec. The 128- 
entry content-addressable 
memory (CAM) has a 100- 
nsec compare cycle and a 50- 
nsec read/write cycle time. 
Nibble masking lets you 
configure the CAM width of 
each word from 24 to 48 bits 
and the corresponding RAM 
width from 7 to 31 bits in 4- 
bit increments. The devices 





come in a 44-pin PLCC or 
PQFP and cost $7.50 (1000). 
Music Semiconductor, Col- 
orado Springs, CO. (719) 
570-1550. Circle No. 411 


32-bit graphics accelera- 
tor provides flicker-free 
output to NTSC/PAL TV 
monitors and VCRs. The 
TVG9470 TV accelerator 
interfaces to PCs using 32- 
bit Peripheral Component 
Interconnect, VL, and ISA 
buses. The graphics accelera- 


tor is based on the compa- 


ny’s TGUI9440 graphics 
engine. According to the 
company, TV monitors have 
often been unusable for 
VGA graphics, PC games, 
and presentations due to the 
flicker effect. The new chip 
smoothes adjacent lines and 
eliminates single horizontal 
lines, which cause flicker on 
monitors using an interlaced 
display. The device costs $24 
(1000). Trident Microsys- 
tems Inc, Mountain View, 
CA. (415) 691-9211. 

Circle No. 412 


3.3V FPGA family offers 
1000 to 8000 gates. The 
CY7C338X family of field- 
programmable gate arrays 
(FPGAs) can implement 
loadable counters with oper- 
ating frequencies >80 MHz 
and chip-to-chip operating 
frequencies up to 60 MHz. 
Prices for the 1000-gate 
CY7C3381A in a 44-pin 
PLCC start at $13.50 (100). 
Prices for the 4000-gate 
CY7C3385A in a 100-pin 
TQFP start at $41.15 (100). 
An 8000-gate device offering 
full PCI compliance will be 
available in the third quar- 
ter. Cypress Semiconduc- 
tor, San Jose, CA. (408) 943- 
2600. Circle No. 413 


622-Mbps SONET/ATM 
transceiver offers low 
power and low cost. The 
VSC8110 synchronous-opti- 
cal-network (SONET)/asyn- 
chronous-transfer-mode 





(ATM) transceiver operates 
from 2 and SV supplies with 
a 2W worst-case power dissi- 
pation. The SONET/syn- 
chronous-digital-hierarchy- 
compatible transceiver in- 
tegrates high-speed clock 
generation with 8-bit serial- 
to-parallel and parallel-to- 
serial data conversion. The 
high-speed clock is generat- 
ed using an on-chip PLL and 
is selectable for 155- or 622- 
MHz operation. It uses a ref- 
erence clock of 19.44, 38.88, 
51.84, or 77.76 MHz. The 
device comes in a 100-pin 
PQFP with an integrated 
heat spreader and costs $52 
(1000). Vitesse Semicon- 
ductor Corp, Camarillo, CA. 
(805) 388-3700. 

Circle No. 414 


Single chip encodes 
MPEG-2 digital video pic- 
tures. The MPEG-2 encoder 
performs I-frame video com- 
pression. The encoder oper- 
ates in 4:2:2 chroma format 
with CCIR 601 (720x480- 
pixel) resolution as well as in 
the 4:2:0 mode. The chip 
can sustain MPEG-2 I-frame- 
only compression data rates 
of greater than 40 Mbps. The 
3.3V device comes in a 304- 
pin CQFP and costs $700 
(50). An MPEG-2 decoder 
chip is also available. The 
chip can sustain MPEG-2 
decompression data rates of 
>40 Mbps for I-frames and 
up to 15 Mbps for IPB 
frames. It comes in a 208-pin 
CQFP and costs $35 (OEM). 
IBM Microelectronics, 
Hopewell Junction, NY. 
(800) 769-3772. 

Circle No. 415 


Fast Ethernet transceiver 
offers 100-Mbps trans- 
mission over twisted- 
pair cable. The CY7C971 
transceiver allows 100-Mbps 
transmission over category 
3, 4, and 5 unshielded twist- 
ed-pair cable. It supports the 
100BaseT4 Fast Ethernet 
standard, l10BaseT, and 
10BaseT full-duplex. The 


It's got to be simpler. 
It's got to be faster 
It's got to he more highly integrated. 





REMOTE DATA LOGGING POWER METERING PROCESS CONTROL 


It's got to be Crystal. 


Crystal’s SMART Analog™ ADCs mean simpler, faster 
designs—crucial parameters when your system has to 
master real-world applications today. 

Specifically, Crystal Semiconductor’s 5504 series of 
delta-sigma A/D converters has revolutionized the data 
acquisition industry. These highly integrated chips are 

@ key to reducing design time, increasing 
performance, lowering costs and still 
getting to market first. 

The 5504 series features 
Crystal’s proven SMART Analog 
approach to delta-sigma technology, 
which reduces external component requirements to 
near zero. On-chip digital filtering delivers clean signal 
processing. And the 16- or 20-bit resolution delivers 
higher accuracy. Much higher. 
There’s a full range of solutions, including on-chip 
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HANDHELD INSTRUMENTATION PORTABLE MEDICAL DIAGNOSTICS 


instrumentation amplifier and multiplexers allowing up 
to 200 samples/second per channel. And the lowest 
power, smallest package, lowest cost 16-bit chip. 

Call now for more information on the 5504 series 
and evaluation kit: 1-800-888-5016 (or 1-512-445- 
7222). See why it’s got to be Crystal’s ADCs for your 
data acquisition design project. 


For real-world demands, it's got to be the 5504 series. 
Output 


Resolution Number of Update Rate 

(bits) Channels (samples/sec.) 
oS a a a letocmeiens 
CS5504 20 2 20/200 
CS5505 16 4 20/100 
CS5506 20 4 20/60 
CS5507 16 1 20/100 
CS5508 20 1 20/60 
CS5509 16 1 20/200 








A Cirrus Logic Company 
1-800-888-5016 m 1-512-445-7222 


CIRCLE NO. 203 
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device includes adaptive 
equalization, clock recovery, 
encoder/decoder functions, 
and transmit and receive fil- 
ters. It comes in an 80-pin 
PQFP and costs $25 (1000). 
Cypress Semiconductor, 
San Jose, CA. (408) 943- 
2600. 

Circle No. 416 


uPs offer high-perfor- 
mance serial communica- 
tions. The Z185/Z195 pro- 
vide intelligent serial 
communications for net- 
work protocol conversion, 
high-speed faxes, modems, 
printer, bridges, and routers. 
The devices have two 512- 
kbps UARTs and two DMAs 
you can link to move data 
with less CPU intervention. 
The Z185 is a ROMless part 
and costs $12 (10,000). The 
Z195 is code-compatible 
with the Z80 and Z180. It 
costs $11 (10,000). Both 
come in 100-pin QFPs. The 
Z8018500ZCO evaluation 
board ($500) shortens code- 
development time. Zilog, 
Campbell, CA. (408) 370- 
8000. Circle No. 417 


High-resolution CMOS, 
triple 256x8-bit RAM- 
DACs offer 3-D modes. 
The Bt498 operates at up to 
220 MHz, allowing it to 
accommodate 16001280- 
pixel displays at 76-Hz 
refresh rates. It has a 128-bit- 
wide pixel port. The Bt497 
operates at up to 135 MHz, 
supporting 1280x1024- 
pixel displays at 75-Hz 
refresh rates. It has a 64-bit- 
wide pixel port. Both devices 
offer a double-buffering 
capability for 3-D applica- 
tions, allowing you to dis- 
play one complex image 
_while updating the other. 
Samples of the Bt497 cost 
$58.67, and samples of the 
Bt498 cost $74.67. Volume 
production is scheduled for 
the second half of 1995. 
Brooktree Corp, San Diego, 
CA. (619) 452-7580. 

Circle No. 418 
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10-bit DAC provides 125- 
MHz conversion rate and 
775-mW max power con- 
sumption. The HI5721 is 
pin-compatible with the 
ADS5721 and provides a 
higher conversion speed and 
lower power consumption. 
The high conversion speed 
moves unwanted harmonics 
farther from the fundamen- 
tal frequency in direct-digi- 
tal-synthesis applications, 
simplifying lowpass-filter 
requirements. The device 
comes in a 28-lead PDIP or 
SOIC and costs $38 (100). 
Harris Semiconductor, 
Melbourne, FL. (800) 442- 
7747, ext 7334. 

Circle No. 419 


Video sync separator has 
improved performance 
and lower supply cur- 
rents than the LM1881. 
The EL1881 is pin-compati- 
ble with the LM1881 yet 
requires only 1.5 mA from a 
5V supply. The chip provides 
a precise 50% slicing for syn- 
chronous edge detection 
when the video input is 0.5 
to 2V p-p. Available in an 
eight-pin DIP, the device 
costs $1.70 (1000). Elantec 
Inc, Milpitas, CA. (408) 945- 
1323, Circle No. 420 


Programmable intercon- 
nect devices provide sta- 
tic or dynamic reconfigu- 
ration. The 1Q96 and IQ64B 
provide 96 and 64 I/O ports, 
respectively. Both devices 
support 133-MHz clock rates 
and have a 6-nsec flow- 
through delay. The non- 
blocking, globally connect- 
ed IQ architecture is a switch 
matrix that lets you connect 
any signal to one or more 
other signals. Each I/O port 





is identical and can be an 
input, an output, or a bidi- 
rectional port. The [Q96 
costs $25 (10,000), and the 
1Q64 costs $17 (10,000). 
I-Cube Inc, Santa Clara, CA. 
(408) 986-1077. 

Circle No. 421 


Logic devices, buffers, 
and translators offer 250- 
psec propagation delay. 
The QuickSwitch devices 
offer pin-compatible re- 
placements for logic buffers, 
multiplexers, demultiplex- 
ers, bus switches, bus ex- 
changers, cross-bar switches, 
and other devices. Accord- 
ing to the company, the 
high-speed devices, may 
enable you to use slower 
SRAM without slowing sys- 
tem performance. A typical 
device in a QSOP costs $1.60 
(1000). Quality Semicon- 
ductor Inc, Santa Clara, CA. 
(408) 450-8080. 

Circle No. 422 


Power module integrates 
power stage for 2- and 3- 
hp motor drives. The 
MHPM7A12A120 integrates 
a three-phase input rectifier 
bridge, a three-phase output 
inverter, a brake transis- 
tor/diode, a current-sense 
resistor, and a temperature 
sensor. The device is rated 
for 1200V and a continuous 
current of 12A. Typical V_,, is 
2.4V. The module costs $65 
(500). The MHPM7A16A120 
is rated for 1200V and 16A 
continuous current. It costs 
$85 (500). The MHPM- 
7A30A60 is rated for 600V 
and 30A continuous current. 
It costs $67 (500). Motorola 
Semiconductor Products 
Sector, Phoenix, AZ. (602) 
244-4538. Circle No. 423 





8-Mbit, 100-MHz, syn- 
chronous DRAM targets 
graphics applications. 
The HM5283206 is a 3.3V 
device organized as 256kx 
32 bits. The synchronous 
graphics RAM (SGRAM) 
maintains compatibility 
with the company’s 2- 


and 4-Mbit synchronous 


DRAMs. The device offers 
block write and write mask, 
or “write-per-bit” functions. 
Although the device has a 
single port, its high speed 
and 32-bit width allow data 
transfers at up to 400 
Mbytes/sec.. Two devices 
configured for 64-bit bus 
applications offer 800- 
Mbyte/sec data transfers, 
exceeding typical VRAM 
configurations. The device 
comes in a 100-pin PQFP, 
and prices start at $39 
(1000). The company plans 
volume production for the 
fourth quarter of 1995. 
Hitachi America Ltd, Semi- 
conductor & IC Division, 
Brisbane, CA. (800) 285- 
1601, ext 11. Circle No. 424 


18-bit x64-word FIFO buf- 
fers offer high-speed 
operation. The SY69167 
performs one read or one 
write at up to 200 MHz. The 
SY69168 performs one read 
or one write at up to. 100 
MHz. Both 10KH-ECL-com- 
patible devices come in 64- 
pin QFPs and cost $125 
(1000). Synergy Semicon- 
ductor, Santa Clara, CA. 
(408) 730-1313. 

Circle No. 425 


256k <8-bit DRAM has 20- 
nsec EDO page-mode 
cycle time. The 2-Mbit 
V53C8258H DRAM has a 20- 
nsec extended-data-out 
(EDO) page-mode cycle time 
for Windows graphics-accel- 
erator frame buffers. Accord- 
ing to the company, the 
$9.50 (1000) device enables 
you to create high-perfor- 
mance frame buffers less 
expensively than with 
VRAMsSs. The device comes in 


(continued on pg 145) 
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SWITCHES 
¢ World’s first +3 V, 
+) Vana: 2) V 
Latchup-Free Switches 
¢ High-Performance SPST 
and SPDT 
* Low ON Resistance 
¢ Low Cost 
















REFERENCES 

¢ Guaranteed 
Precision, Micro- 
power Operation 

¢ Ultra-Small Packaging 

¢ Wide Variety of Performance 

Grades and Temperature 

Ranges 










MULTIPLEXERS 

¢ Free Fault 
Protection with 
Power On or Off 

¢ Lowest ON Resistance 

°* Lowest Power Consumption 

¢ Competitively Priced 









DIGITAL 
POTENTIOMETERS 


¢ Mechanical 
Potentiometer Replacement 

¢ Improved Precision and 
Accuracy 

* Choice of Terminal Resistance 









AnalogFax™ 
1-800-446-6212 





Now you can dial into our 
24-hour automated literature 
delivery system and get a fax 
back of up to five data sheets. 
Simply dial 1-800-446-6212 
and enter the Faxcodes listed. 
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ADG608B 


rld’s First +3 V/+5 V Multiplexer with 
30 Q ON Resistance 


| The ADG608 and ADG609 are 8-channel and differential 
 4-channel multiplexers that are specified for +3 V, +5 V and #5 V 
power supplies. Offering a combination of very low ON resistance 
(less than 30 Q) and low leakage current (less than 0.5 nA), the ADG608 and 
ADG609 are ideal for use in precision applications which previously required 
several additional components. 


For portable/battery applications where power consumption and board 
space are critical, the ADG608/ADG609 offer the following: 


¢ Power consumption ranges from as low as 0.1 uW with a single +3 V 
power supply to 1.5 pW with dual 5 V supplies. 


* State-of-the-art 16-lead TSSOP packaging that meets the limitations of 
the PCMCIA release 3 standard specifications, It occupies only 51 k sq. 
mils of board space — which is roughly half that of a 16-lead narrow- 
body SOIC package — and has a package height of only 39 mils. 


With an ESD classification of greater than 5 kV and latchup-free 
operation to at least 100 mA, reliability is built in. ESD classification is carried 
out per the military standard 3015.7. 

These multiplexers are available in 16-pin DIP and TSSOP packages 
specified over the -40 to +85° C temperature range as well as a TSSOP package 
specified over the -55 to +125° C range. 


(continued on page 2) 


fAll prices shown in USD, 1000s, recommended resale, FOB USA 
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World’s First +3 V/ +5 V Multiplexer (continued from page 1) 





KEY FEATURES 

e +3 V,+5 V, +5 V specifications 

e 1.5 ;W max power dissipation 

e 30 Q max on resistance 

e ESD classification greater than 5 kV 


ADG608 Price $3.25. ~—-Faxcode 1912 Circle 01 
ADG609 Price $3.25 ~~ Faxcode 1912 Circle 02 








ON Resistance (Q) 


Vp (Vs) - Volts 


World’s Only Latchup-Free Switch Specified at Single Supply +3 V/+5 V 


- The ADGS11 family of quad SPST switches 

~ is the world’s first and only series of switches 
specified for +3 V, +5 V and +5 V supplies 
that guarantees latchup-free operation. The family 
includes the ADG511 which has four NC; the ADGS12 
which has four NO; and the ADG513 which has two NO 
and two NC switches. Low ON resistance (<50 Q), low 
leakage current (less than 100 pA) and fast switching 
times (t,, < 35 15 tof < 150 ns) make these switches 
ideal for high-resolution data acquisition systems and sig- 
nal conditioning applications. Also, the requirement for 
low power dissipation in battery-powered applications 
can be easily solved by the ADGS11 family of switches 
with their typical power dissipation of 0.5 nW. 
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Guide for CMOS Swi che 


ge brochure contains s 
itch or multiplexer for your design. Pa: 


These switches are available in 16-pin DIP and SOIC 
packages specified over the -40 to +85° C temperature 
range and a cerdip package specified over the -55 to 
+125° C range. 


KEY FEATURES 


e Specified with +3 V, +5 V, +5 V power supplies 


e Guaranteed NEVER to latchup 


e Industry standard pin-out 





ADG511_ ‘Price $2.05 -Faxcode 1520 = Circle 03 
ADG512 ‘Price $2.05 Faxcode 1521 Circle 04 
ADGS513_——~Price $2.05. -Faxcode 1522 Circle 05 
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“45VReference Comparison 


_ The REF19X family of precision voltage refer- 
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C temperature coeffi- 


ADS586 
5 ppm/? Cc 


| REF195 7ppm/?C 
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C tempco. All devices feature a 30 mA max | 
current and 45 pA max quiescent current with less than 


< z 
Fn > a 
fe) Sses oO 
5 Zo Ss + 3 
a= vow nn 2 Ss 
soy ON 2g O, 0 
rae) = YY 5 —= 
S's a 2 og O's 
SoS aS = ©, & .o 'S 
e 2S vy ese 
B54 E85 4 > 
Om > Lt 
ae EERO ASE 
5 oS 
SS 5 BO aw oO 
Geseyrober 
eSB PAY is 
Cakes gu twang 
"”n & a oo SONS 
2 oS Se ee 
So Som Ss aa 
SEZEO> Sas 
5 A 'S) oO 
so O © oS > 
GYRE Y's 
nor OopD et 9 
6 wy Ab +t 
Of 8 i ae - & 
ae oe Og re Sao s 
o%An S Su Sa 4 

Br Sy 8B s> 
BUS + .& Len 
Ss 9 Fat ge 
2§oFrer[Pp 
Qasgnae 

ae Baia Se 
—f a+ HO a 


25 ppm/° 





ged in 8-pin SO 


-4() to +85° C. Pricing 
-8 for all voltage options. 
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Priced From $1 
REF194 Priced From $1.91 Faxcode 1761 


REF191_ Priced From $1.91 Faxcode 1761 
REF192 Priced From $1.91 Faxcode 1761 
REF193_ Priced From $1.91 Faxcode 1761 
REF196_ Priced From $1.91 Faxcode 1761 
REF195_ Priced From $1.91 Faxcode 1761 
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World’s Highest Performance Fault-Protected Multiplexers 
Trade In All Your Multiplexer Trade Offs 


| The ADGSOS8F family combines fault protec- 
tion with the performance of existing non- 
fault protected multiplexers. The ADGS08F 
and ADGS528F are 8-channel multiplexers and the 
ADGSO9F is a differential 4-channel multiplexer. In addi- 
tion to 8 channels, the ADG528F has on-chip address 
and control latches. These multiplexers are protected 
against overvoltage up to +35 V as well as power supply 
loss conditions. The ON channel switches off while an 
overvoltage exists, thereby protecting downstream 
devices. If the power supply is disconnected, all the chan- 
nels switch off. The ADGSO8F ON resistance is 300 Q 
typical and has a maximum ON leakage — over the full 
industrial temperature range — of +60 nA. This repre- 












sents about a five times performance improvement over KEY FEATURES 

existing fault-protected multiplexers. Power consumption Ohare tar riemc elim eke case 

is also significantly reduced with an Iyg of 0.5 mA and I,, ¢ No performance trade ofts 

of 0.1 mA. The entire ADG5SO8F family features typical ¢ Narrow-body SOIC package available 

ton and tg; times of 200 ns and typical charge injection 

of 4 pC. ADGSO8F Price $3.35 Faxcode 1845 Circle 14 
These multiplexers are available in 16-pin DIP as ADGS09F Price $3.35 Faxcode 1845 Circle 15 


well as narrow- and wide-body SOIC packages specified ADGS528F Price $3.85  Faxcode 1845 ‘Circle 16 
over the -40 to +85° C temperature range. A cerdip 
package specified over -55 to +125° C is also available. 





» The ADG438F and ADG439F are high- 
performance multiplexers protected against 
overvoltages of -35 V to +50 V. Not only are 
the multiplexers themselves protected against overvoltage 
and fault conditions, but so are any downstream devices 
because the output of the multiplexer is clamped below 
the power rail. If this power rail is zero due to momen- | | 
tary power loss, then the output will be clamped at zero. “ Non Fault: 
Only the channel on which the overvoltage occurs 1s é Om 
clamped, all other channels remain unaffected. 

With an ON resistance of 400 Q, ON resistance 
match of 3 Q max and A ON resistance of 5 Q max over 
the extended industrial temperature range of -40 to . = rotected 

a ultiplexer 
+105° C, the performance of the ADG438F and ADG439F o 
exceeds all the fault-protected and the majority of non- 
fault-protected multiplexers currently on the market. sso Enune- Crobected 

These multiplexers are available in 16-pin DIP and Multiplexer 
both wide- and narrow-body SOIC packages. 








~ADG438F ADG439F KEY FEATURES 
oa 400 O wax ¢ Overvoltage and fault protection (-35 V to +50 V) 
So mex ee e Extended industrial temperature range 
3 Q max 3 Q max (-40 to +10S° C) 
#30 nA max +15 nA max ¢ Narrow-body SOIC package available 
~ 300 ns max 300 ns max 


0.25 mA max 0.25 mA max ADG438E Price $3.70 Faxcode 1855 Circle 17 
ADG439E Price $3.70 - Faxcode 1855 Circle 18 


DATA SHEET FAX BACK 1-800-446-6212 














Compact References with Precision Performance 
High Accuracy, Low Noise Precision References 


The AD780, AD586, and AD587 precision 

voltage references comprise the highest accu- ma 

racy and lowest noise +2.5 V, +5 V, and +10 V lotion: Ere ay 
parts in existence. With drift performances from 20 ppm/° C) 

2 ppm/°C, initial accuracies of +1 mV and wideband 
noise as low as 100 nV/V Hz, these products should be 
the first choice for all high-performance applications. 
They are available in a wide variety of performance 
grades, package styles and temperature ranges, making it 
easy to choose 
exactly the right 
part to meet the 
performance and 
cost require- 
ments of any 
application. 
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KEY ee fe : AD780 Priced from $3.31 Faxcode 1355 (Circle 19 
¢ High accuracy and low noise ADS586 Priced from $2.50 Faxcode 1182 (Circle 20 


® Drift performance from as low as 2 ppm/* C ADS87 Priced from $2.20 Faxcode 1183 Circle 21 
¢ Variety of grades and packages available 













Part# = Drift (ppm/°C) Initia Packages = 
i NIC, PDIP, CERDIP 
ie IC, PDIP, CERDIP 
_ ADS87 2-20 PDI CERDIP 


Digital Potentiometers 


Dual and Quad 8-Bit Digital Potentiometers 


Want to replace your mechanical poten- 
tiometers with more precise and accurate 
devices? Then try our solid-state dual- 
(AD8402) and quad- (AD8403) channel 8-bit RDACs 
(Resistor Digital-to-Analog Converters). They are a set of seni 
256 position, digitally-controlled variable resistors which ares yea 
operate from +2.7 V to +5.5 V in single-supply systems 
with rail-to-rail signal range. These RDACs can be used 
as programmable filters, delays or time constants, 
volume controls, DC gain/offset adjustments and line 
impedance matching components. 








AD8403 


KEY FEATURES 
¢ Digitally controlled resistance 





¢ Mid-scale reset 
¢ Power shutdown <5 pA AD8402 Price $1.66 — Faxcode 1867 ‘Circle 22 
AD8403 Price $2.51 Faxcode 1867 — (Circle 23 











World’s Lowest Ron CMOS Switches 
Dual SPDT Switch Has ON Resistance of 9 Q 








The ADG436 is a high-performance, dual consumption is 3 nW. With such low power consump- 
SPDT switch. It offers a level of pertor- tion and the ability to operate from a single +3 V or 
mance that has previously been unavailable +5 V supply, this switch is an ideal candidate for 
in any switch format. With a typical ON resistance of portable and battery-operated systems. Parts are avail- 
9 Q and leakage current of 0.1 nA, the ADG436 makes able in 16-pin DIP and SOIC packages specified over the 
it possible to use a switch in many high-performance -40 to +85° C temperature range. 
applications that previously required several extra com- 
ponents. The SPDT switch function can also be thought KEY FEATURES 
of as a two-channel multiplexer, allowing the ADG436 e 9 Q typical ON resistance 
to be used as a dual two-channel multiplexer. While ¢ Typical power consumption of 3 nW 
specified for a single +12 V supply as well as +15 V with © Operates with power supplies from +3 V to +20 V 
10% tolerance, the ADG436 can operate with supplies 


as low as +3 V or as high as +20 V. The typical power ADG436 Price $2.50 Faxcode 1918 Circle 24 


p\ eter X) 


Lowest 
fe) — Vi ON 
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9Q 











This high-performance quad SPST switch perature range of -40 to +85° C, and all are available in 
family includes the ADG431 which has four 16-pin DIP and SOIC packages. A cerdip package 
NC; the ADG432 which has four NO; and specified over the -55 to +125° C range 1s also available. 
the ADG433 which has two NO and two NC switches. 
Applications that use switches in the signal path must KEY FEATURES 
keep the error introduced by leakage currents and extra ¢ Highest-performance quad SPST available 
resistance to a minimum. With ON resistance of less ¢ Guaranteed to NEVER latchup 
than 24 Q and leakage of less than 0.35 nA, these are the e Industry standard pin out 
only quad CMOS switches available that truly offer the » 
performance you need. And, at only 3 pW power con- ADG431_ Price $1.95 Faxcode 1510 Circle 25 
sumption (typical) from power supplies of #15 V, you ADG432 Price $1.95 Faxcode 1511 (Circle 26 


don’t have to compromise. The ADG431 family can also ADG433_- Price $1.95 Faxcode 1512 Circle 27 
boast a t,,, time of 165 ns max. over the industrial tem- 





LARGEST AVAILABILITY OF SMALLEST PACKAGES 


Package 16-lead TSSOP 8-pin SOIC 28-lead SSOP 20-lead SSOP 
Dimensions (mils) ADG608/ADG609 ADG417/ADG419 ADG426 ADG511 

Body Length 201 196 407 289 
Body Width 176 157 212 212 

Tip to Tip 296 244 311 Jit 

Pitch 20 50 25 25 
Package Height 39 68.8 78 78 


Board Area 51k 47 k 126 k 90 k 


FOR DATA SHEET FAX BACK 1-800-446-6212 








Switch and Multiplexer Selection Trees 


Switches 


Analog CMOS Switches 
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Improved Quad SPST 
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Analog CMOS Multiplexers 


z 
SUM IRR as eles ear aaE VE SS 


16-Channel 


ADG406 
ADG426 
(Wi) od a f=Yo }] 
ADG506A 
ADG526A 
'( l= | od a f=Ye )] 


8-Channel 


ADG407 

ADG507A 

PND Cro yey 7 \ 
(WE) vod at =Te)) 


i 


| 


its t @ oF: al at=)| 


ADG508F 
ADG528F 


(HE) od a {=o )] 


ADG438F 


felTE Te SPST 


ADG201HS 
(High Speed) 

ADG201A 
ADG202A 
ADG211A 
ADG212A 

yaN B) p74 It (ME) os aT -1e)| 
ADG222 (Latched) 


Fault- 
Protected 


| 
3 
Single-Ended Differential 


4-Channel 


ADG509F 
ADG439F 








SWITCHES 


_ PARAMETER ADG201A ADG201AHS ADG211A ADG411 ADG431 ADG441 ADG444 ADGS11 ADG419 


CN eo G 90 50 115 35 24 75 75 oO 
- Resistance (Q) Tmin to Tmax 145 75 175 45 26 85 85 50 45 
Channel ON 25° C +2 +] +5 +0.4 £0.35 +0.5 +0.5 +0.2 +0.75 
Leakage (nA) Tmin to Tmax +200 +20 +200 +40 +2 +3 +3 +5 £5 
 Turn-On 25° C 300 50 600 110 110 
_ Time (ns) Tmin to Tmax 50 175 165 170 170 375 
—— Turn-Off 25°C 250 50 450 60 60 
Time (ns) Tmin to Tmax 50 145 130 80 80 150 
Charge 25 °C typ 20 10 20 5 5 1 1 11 
Injection (pC) 25° C max 6 6 
Positive Supply 2c 10 mA 1 yA 0.1 pA 1 yA 1 pA 
Current —Tmin to Tmax  2mA 10 mA 1 mA 5 yA 0.2 yA 80 pA 2.5 uA 1 pA 2.5 pA 
_ Negative Supply 25°C 6 mA 1 pA 0.1 pA 1 yA 1 pA 1 yA 
Current Tmin to Tmax 0.2 mA 6 mA 0.2 mA 5 pA 0.2 pA 2.0 HA 2.5 HA 1 pA 2.5 HA 
- Logic Supply 25°C 1 pA 0.1 pA 1 pA 1 pA 
Current Tmin to Tmax 0.9 mA 5 uA 0.2 pA 2.5 JA 2.5 UA 
MULTIPLEXERS 
. ADGS526A 
PARAMETER ADG406 ADG408  ADG426 ADG428 ADGS06A ADGSO8A ADGS28A ADGSO8F ADG438F ADG608 
: ON 20 © 80 100 80 100 450 450 450 30 
Resistance (Q) Tmin to Tmax 125 125 125 125 600 600 600 400 400 35 
Channel ON 25°C +1 +] +{ +1 +1 +{ +1 +4 0.5 +0.5 
Leakage (nA) Tmin to Tmax +20 +100 +20 +100 +200 +100 +200 +60 +5 +3 
Turn-On yt 160 150 160 150 300 300 300 250 250 75 
| Time (ns) Tmin to Tmax 225 225 225 225 400 400 400 400 300 90 
- Turn-Off _ we 150 150 150 300 300 300 250 150 45 
Time (ns) Tmin to Tmax 180 150 180 300 400 400 400 400 180 60 
Charge 25° C typ 8 20 8 4 4 4 4 4 4 0.5 
_ Injection (pC) 3 
~ Positive Supply 25°C 1 pA 1 pA 1 yA : 0.15 mA 0.2 pA 
Current Tmin to Tmax 5 pA 5 pA 5 pA 0.1 mA 1.5 mA 1.5 mA 1.5 mA 0.2 mA 0.25 mA 2 uA 
Negative Supply 25 C 1uA 1 pA 1 pA 0.02 mA 0.1 pA 
— Current Tmin to Tmax 5 yA 5 A 5 uA 5 pA 0.2 mA 0.2 mA 0.2 mA 0.1 mA 0.04 mA 1 pA 


New Cross-Reference Guide and Fault-Protection Brochure 








Want to learn more about the benefits of FREE fault protection? Need a handy chart for cross refer- 
ences? Our new 6-page brochure contains all the information required to specify a multiplexer with 
full fault protection. To receive your copy, please complete and return the enclosed reply card. 


The New Multiplexer Standard (Circle 28 
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Analog Devices, Inc. 

P.O. Box 9106 

Norwood, Massachusetts 02062-9106 
USA 

Tel: (800) 262-5643 

Fax: (617) 821-4273 


ANALOG 
DEVICES 
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=-OR DATA SHEET FAX BACK 1-800-446-6212 





24-pin PDIP and 26/24-lead SOJ pack- 
ages. Mosel Vitelic, San Jose, CA. (408) 
433-6000. Circle No. 426 


5912kx8-bit SRAM suits military 
and high-reliability applications. 
The 4-Mbit EDI88512C SRAM comes in 
5S-, 70-, 85-, and 100-nsec speeds. All 
inputs and outputs are TTL-compati- 
ble, and the chip operates from a 5V 
supply. A low-power option provides 
battery backup for 2V data retention. 
The MIL-STD-883-compliant device 
comes in a ceramic, 600-mil DIP. It 
costs $418 (100) for the 55-nsec speed 
to $379 (100) for the 100-nsec speed. 
Electronic Designs Inc, Westborough, 
MA. (508) 366-5151. Circle No. 427 


Synchronous DRAM and modules 
using the SDRAM suit main-mem- 
ory applications. The 16-Mbit 
HMS216805S is a 3.3V device organized 
as two banks of 1Mx8 bits. It is avail- 
able in versions with speeds up to 100 
MHz. The device comes in a 44-pin 
plastic TSOP-II and costs $60 (1000). 
The HB526A272F module uses nine of 
the memories organized as a 2MX72- 
bit dual in-line memory module to 
achieve data-transfer speeds up to 900 
Mbytes/sec. The module costs $650 
(1000). Hitachi America Ltd, Semi- 
conductor & IC Division, Brisbane, 
CA. (800) 285-1601, ext 11. 

Circle No. 428 


64-bit accelerator for Windows 
runs 25% faster than its predeces- 
sor. The M3145A AliCAT-64 graphics 
accelerator offers performance >30 mil- 
lion Winmarks. The chip interfaces 
directly to VL and PCI bus designs 
without extra logic and includes dri- 
vers for Windows 3.1, Windows NT, 
and OS/2 versions 2.x and 3.0. The 
device comes in a 208-pin PQFP and 
costs $9.50. Acer Laboratories Inc, 
Pacific Technology Group, Santa 
Clara, CA. (408) 764-0644. 

Circle No. 429 


Cache modules for Pentium- 
processor-based systems. The 
IDT7MPV6214/15 cache modules for 
bus speeds to 66 MHz work with the 
OPTi Viper core-logic chip-set family. 
The modules let you add a 256- or 512- 
kbyte, asynchronous secondary cache 
to a system design with minimal effort. 
The modules use the company’s 











| EDN [INTEGRATED CIRCUITS 


32kxX8-bit, 3.3V 71V256 SRAMs and 
have a 160-lead, low-profile card edge 
package. The modules start at $72 
(1000). Integrated Device Technology 
Inc, Santa Clara, CA. (800) 345-7015. 

Circle No. 430 


16-Mbit SRAM modules meet mili- 
tary specifications. The WS512K32 
family of CMOS memory modules is 
available with access times from 20 to 


Our Performance 
... Ls Matchless! 


120 nsec. They meet MIL-H-38534 and 
MIL-STD-883. The memory modules 
have TTL-compatible levels and oper- 
ate from SV. The memories have a max- 
imum supply current of 4 mA in stand- 
by mode. The 32-bit-wide memories 
are available in a surface-mount, 68-pin 
CQFP or a 66-pin pin-grid array. Mili- 
tary models start at $1700 (100). White 
Microelectronics, Phoenix, AZ. (602) 
437-1520. 

Circle No. 431 








Ecliptek Introduces the ECCM2 2.5 MM 
Ceramic SMT Crystal for PCMCIA 


¢ Designed For All PCMCIA Applications 

¢ Common Chipset Specifications In Stock 

¢ Frequency Range From 3.500MHz to 70.000MHz 
e Tape And Reel Standard For Automatic Insertion 


Crystals *« Clock Oscillators « Inductors 


For Further Information, Contact: 
Internet: http://www.ecliptek.com/ecliptek/ 
Email: ecliptek-sales@ecliptek.com 
Fax-On-Demand: 1-800-ECLIPTEK 
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Fax: (714) 433-1234 


3545 Cadillac Ave. * Costa Mesa, CA 92626 


CIRCLE NO. 32 
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We Make DC-DC Easy 


(MAX724 schematic courtesy of Maxim Integrated Products) 


Our passives can help you meet the challenges of converting low voltages and extending 
battery life. Take a look at any schematic for these applications. Discover how quickly we 
can surround your IC with all the right surface mounted capacitors, resistors, magnetic 
components. Discover the efficiency of an integrated source able to shorten your time to 
market. For technical information, call Vishay Electronic Components, U.S. at one of the 
numbers below. For literature only, fax 1-800-835-4272. 


MAGNETICS TANTALUM CAPACITORS CERAMIC CAPACITORS RESISTORS 
Inductors/Transformers for filter- Solid tantalum chips for high effi- Monolithic Ceramic Chips. Very High stability power metal-strip 
ing and energy storage. Wide ciency input/output filtering. low ESR, ESL. Ideal for input chip styles for current sensing. 
range of standard models plus Molded or conformal designs. filters, “Pi” filters, frequency com- Values as low as .01Q in standard 
fast turnaround on custom Industry’s highest CV, low ESR. pensation. Sizes from 0402 to 3640. 2512 size. Molded styles to 2W. 
designs. Phone Dale Electronics, Phone Sprague®, (207) 324-4140 Phone Vitramon®, (203) 268-6261 Phone Dale Electronics, Inc., 

Inc., (605) 665-9301 (Yankton, SD). (Sanford, ME) or (603) 224-1961 (Monroe, CT). (402) 563-6506 (Columbus, NE). 
(Concord, NH). 


A COMPANY OF A COMPANY OF A COMPANY OF A COMPANY OF A COMPANY OF 


Roederstein SPRAGUE Vitae” 
Vv Vv Vv 


CIRCLE NO. 218 









RESISTIVE 
SYSTEMS 





FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 


cards to get more information on 
any of these products. 





Flexible metal conduit 
provides shielding that 
meets military and IEEE 
nuclear specifications. 
The ServicAir shielding- 
product group features flexi- 
ble metal conduits, coupling 
systems, shielded cable/har- 
ness assemblies, and custom 
shielding products. The 


watertight, pressure-tight 
conduits provide protection 
from transient interference, 
pulses and unwanted fre- 
quencies, and physical or 
environmental damage. The 
products provide up to 130 
dB of EMI and up to 100 dB 
of plain-wave electromag- 
netic-pulse shielding. The 
SM83-03NC  nickel-iron 
conduit costs $7.81/ft (300 
ft). G&H Technology Inc, 
Camarillo, CA. (805) 484- 
0543. Circle No. 352 


Low-cost 1300-nm laser 
diodes. The ML776H8F and 
ML77K8F laser diodes cost 
$60 (100), and the FU- 
427SLD laser diode module 
costs $175 (100). All three 
devices have a typical 
threshold current of 10 mA 
and typical operating cur- 
rent of 19 mA. The devices 
provide high-speed response 
for use in 155- to 622- 
Mbyte/sec transmission sys- 
tems and can be qualified to 
the Bellcore reliability stan- 








dards. Operating tempera- 


ture range is —40 to +85°C. 


Mitsubishi Electronics 
America Inc, Sunnyvale, 
CA. (408) 730-5900. 

Circle No. 353 


Large-digit counters are 
visible for up to 100 ft. 
The large-digit counters use 
1.8-in. high LEDs for high 
visibility. Maximum count 
rate is 10 kHz. The units 
require 110 or 220V ac and 
provide a 12V-dc output for 
powering a sensor. The 
three-digit model costs 
$169, and the six-digit 
model costs $199. Automat- 
ed Control Systems, Los 
Angeles, CA. (310) 659- 
2786. Circle No. 354 


Oven-controlled crystal 
oscillator provides high 
stability. The 10-MHz 260- 
0536 oscillator uses an SC- 
cut resonator with thermal 
stability of +1 x10~ from -30 
to +70°C. Optional thermal 
stabilities are available to 
+1x107°, Aging is specified 
at 3x10°!° per day and 
510° per year. Phase noise 
at 10-Hz offset is -125 
dBc/Hz, with a noise floor of 
-60 dBc/Hz. The device mea- 
sures 2X2X1.5 in. and costs 
$480. Milliren Technolo- 
gies Inc, Newburyport, MA. 
(S08) 465-6064. 

Circle No. 355 


15-slot backplane _ in- 
creases PC-hardware 
interrupt capacity by 
four times. More interrupts 
on the IEF15-I overcome the 
limitation of a standard PC 
bus backplane. In a standard 
PC bus architecture, system- 
overhead functions con- 
sume most of the interrupts, 
leaving few for application 
use. The Interrupt Expan- 
sion Facility backplane pro- 
vides more interrupts and 
maintains compatibility 
with standard ISA bus cards. 
The backplane, including 
system software, costs $995. 
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Little Wing Technologies 
Inc, San Diego, CA. (619) 
457-0581. Circle No. 356 


Computer cable with 90° 
slim-line connector fits 
into your pocket. The 
Flexi-Lite cable line for 
portable computers or sys- 
tems with limited space 
around cable connectors 
combines a 90° connector 
with super-flexible cable. 
Cables come in DB-9 serial, 
DB-25 serial, AT serial, and 
parallel-printer configura- 
tions. The fully shielded 
cables are made of molded 
29 AWG cable. The cables 
cost $8 to $12, depending on 
length and configuration. 
Unicom Electric Inc, Santa 
Fe eprings, CA. (310) 946- 
9650 Circle No. 357 





‘@Rack-mount drive bays 
suit SCSI I/O connections. 
The 6531-RMDB provides 
four drive bays that accom- 
modate eight half-height 
drives or four full-height 


drives. Each of the two 
1SOW 120/220V-ac-selec- 
table power supplies has a 
separate on/off switch, and 
the chassis has a 60-cfm fil- 
tered input fan and the pow- 
er-supply fans. The drive bay 
costs $695. The 6531- 
RMDBD is functionally sim- 
ilar but adds a hinged front 
panel with a window and a 
key lock for security. It costs 
$895. Both models provide a 
rear-panel knockout for SCSI 
I/O connections for daisy- 
chaining additional drive 
bays. Industrial Computer 
Source, San Diego, CA. (800) 
523-2320. Circle No. 358 


Compact bias tee oper- 
ates from 10 to 1000 
MHz. The PBTC-1G bias tee 
has a typical insertion loss of 
0.6 dB. It accepts a maxi- 
mum input current of 500 
mA and has a maximum RF 
power rating of 30 dBm. The 
case measures 0.8X0.8X0.4 
in. The device costs $25.95. 
Mini-Circuits, Brooklyn, 
NY. (718) 934-4500. 

Circle No. 359 


Surface-mount connect- 
or sets have 0.025-in. 
pitch. The high-density, 
four-row, FOLC series sock- 
ets and MOLC series termi- 
nal strips terminate on two 
rows. The sockets use three- 
finger beryllium copper con- 
tacts and mate with phos- 
phor bronze terminals. The 
connectors form a matched- 
impedance 
connection 
for high-speed 
applications. 
Connector 
sets are avail- 
able in pin 
counts from 
20 to. 50 per 
row. Optional 
locking clips 
| and pick-and- 
J place __ pads 
focttiiate assembly. From 
$0.15 per mated line. 
Samtec Inc, New Albany, 
IN. (812) 944-6733. : 
Circle No. 360 


Barrier-terminal strip for 
pc boards is rated for 
high-power applications. 
The Series 66 barrier-termi- 
nal strips are rated for volt- 
ages to 600V and currents up 
to 45A. They have a 0.5-in. 
terminal spacing and mount 
directly on a pc board. 
According to the company, 
the tri-barrier terminal strips 
provide significant space 
and installation cost savings 
over DIN-rail-mounted ter- 
minal blocks and bus bars. 
The terminal strips are avail- 
able in sizes from two to 12 
circuits and accept wires 
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ee 


from 8 to 18 AWG. They cost 
$0.50 per circuit (1000). 
Beau Interconnect Sys- 
tems, Division of Vernitron 
Corp, Laconia, NH. (603) 
524-5101. Circle No. 361 


Halogen-lamp sockets 
operate to 250°C. The HT 
series halogen-lamp sockets 
are made from ceramic and 
mica with Teflon- and fiber- 
glass-insulated lead wire. 
The high-temperature sock- 
ets hold all standard halogen 
lamps with MR-11, MR-16, 
G-4, and G-6.35 configura- 
tions. The sockets measure 
17 mm in diameter and 9 
mm deep. Lead wires are 
available in lengths to 220 
mm. Maximum ratings are 
250V and 250W. They cost 
from $0.69 to $1.69, 
depending on type and 
quantity. Gilway Technical 
Lamp, Woburn, MA. (617) 
935-4442. Circle No. 362 
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Low-cost heat spreaders 
attach with pressure-sen- 
sitive adhesive. The T- 


Wing laminated heat 
spreaders cost from $0.50 to 
$1, depending on size and 
quantity. They are made 
from S-0oz copper with a 
0.0015-in.-thick black film 
laminated to both sides for 
electrical insulation. Total 
thickness is less than 0.015 
in. The compliant nature of 
these heat spreaders permits 
nearly 100% adhesive con- 
tact with a 5-psi application 
force, even on concave or 
otherwise nonflat package 


The DIP Switches That Survive ¥ 
The Test Of Time _ 
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surfaces. Chomerics Divi- 
sion of Parker Hannifin, 
Woburn, MA. (617) 935- 
4850. Circle No. 363 


Pin-grid-array socket for 
the NexGen Nx586 and 
NxVL system-logic de- 
vices. The PZA-463H-011A- 
37AT-F for the Nx586 wP 
costs $9.67 (5000). The PZA- 
401H011A-37AG-F for the 
NxVL device costs $8.38 
(S000). Both sockets use 
ultra-low-insertion-force 
contacts. McKenzie Tech- 
nology, Fremont, CA. (510) 
651-2700. Circle No. 364 


20-slot VME backplane 
has reduced crosstalk. 
The Model 910-6MO201- 
000 J1/J2 monolithic back- 
plane has near-end crosstalk 
of <2% avg and peak-for- 
ward crosstalk of <5%. Test- 
ing was in accordance with 





DIVISION OF CAPSONIC GROUP 
A minority owned company 


1500 EXECUTIVE DRIVE, ELGIN, IL 60123 (708) 888-7245 FAX: (708) 888-7327 


CIRCLE NO. 33 





manufacturers of computerized 
- equipment know they can count 
on K40 Surface Mount and Standard 


premium reliability year after year. 
Here’s what’s behind this performance: 


Best Proven Contact Surface. 


The Switches are Flush with the Top Surface. 


Compatible with SMT Assembly. 
Made in America for the world. 


Call for free sample! 


Motorola’s VME-backplane 
test specifications, using a 
600-psec rise-time signal. 
Loaded backplane imped- 
ance is 50 to 65 with an 
average impedance of 55. 
The backplane has a guaran- 
teed impedance of 500 or 
greater. $858.38 (25). Hadco 
Corp, Backplane Division, 
Salem, NH. (603) 898-8010. 

Circle No. 365 


Surface-mount LEDs. The 
SM110 series of LEDs is avail- 
able in three high-efficiency 
colors: 635-nm red, 585-nm 
yellow, and 565-nm green. 
Also available are bicolor 
LEDs that provide a lumi- 
nous intensity of 10 to 15 
mcd from a 20-mA current. 
Package size is 4.5 mm 
highx4.5 mm across, and 
dome height is 3 mm. $0.44 
(1000). Ledtronics Inc, Tor- 
rance, CA. (310) 534-1505. 
Circle No. 366 





Many of the world’s top 








DIP Switches to give them 











Positive Detent Action. 
Contact Reliability. 









A Sealed Package. 
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Controlled impedance Ground Plane 
Interconnect (GPI™) Assemblies 
exceed 1 GHz System Speeds 
Meritec’s 100” GPI Assemblies are engi- 
neered to match critical application require- 
ments for controlled impedance. A ground 
plane on the assemblies minimizes signal-to- 
signal crosstalk. The assemblies are designed 
for CMOS, ECL or GaAs logic and can handle 
' system speeds exceeding 1 GHz with 35 
picosecond rise times. GPI Interconnects are available individually or consolidated into 
a carrier system for grouped interfacing with headers. Electrical Test Data is available 
on pages 10 & 11 in our 100” Pitch SS! catalog. 


We Wrote The Book On 
Controlled Impedance, 
Hien Performance 
Cable Assemblies 








Meritec .100” Single Signal Interconnect Assemblies accurately control 

analog and digital signals for applications with 3ns to sub ns edge rates. 

The assemblies are engineered to match requirements for controlled 

impedance, high speed and low crosstalk. A wide variety of cables and 

terminations are available to match specific application requirements. The 

assemblies are built for reliability in applications where performance Is critical. 
For a free copy of our new 12-page catalog, call 1-800-860-9014. 


MERITEC 


A DIVISION OF ASSOCIATED ENTERPRISES 


Where quality assures performance 


216-354-3148 + FAX: 216-354-0509 
Internet’ /63112313@compuserve.com 


CIRCLE NO. 217 


BNC Cable Assemblies for Critical 
Applications 





Meritec’s impedance matched BNC cable 
assemblies feature precision, high 
strength molded terminations for high 
reliability in critical applications. The 
assemblies are available in a variety of 
configurations, including cable end plug, 
cable end jack, front panel mount jack 
with isolated ground and rear panel 
mount jack. The connectors are termi- 
nated to subminiature coax cable and 
feature standard BNC and cable imped- 
ances Of 50 and 7/5 ohms. The assem- 
blies may be terminated on the opposite 
end with Meritec: SSI S5C™, GPIM or 
PCB Soldertail Contact Interconnects. 
For specifications of BNC Terminations, 
see page 7 in our .100" Pitch SSI catalog. 


Low Profile Right Angle Ground 
Plane Interconnects (GPI) Solve 
Height Restrictions and Control 
Impedance. 





Meritec’s low profile right angle GPI 
assemblies are engineered to meet criti- 
cal space requirements. A minimum 
height clearance of 0.5 in. above the PCB 
minimizes the space needed to route 
cables. The GPI ground plane reduces 
crosstalk and controls the impedance 
mismatch through the connector, elimi- 
nating reflections at the termination. The 
assemblies are available in 5Q and 7/5 
ohm impedance for use in both high 
speed digital and critical analog signal 
applications. Detailed ordering informa- 
tion is on page 4 of our 100” Pitch SSI 
catalog. 














if 


Computing 


Multimedia 


ht - P- eo. o OGe ™ Networking 





UlitraSPARC—The Net.Engine 























Video servers. Telecommunications 
iubs. Printers. Routers. Even Internet servers. 
All will have to thrive in a networked environment 
hat’s eating up CPU cycles at a ravenous rate. A networked 

nvironment with ever increasing multimedia traffic. 

So it's only logical that they use the one microproces- 
or architecture designed from the ground up for networked 
computing. SPARC. 

Our new 64-bit UltraSPARC™ processor extends this 
ichitecture to the limits of the imagination. A superscalar 
LISC chip with imaging, sraphics and data transfer pertor- 
nance second to none. With a unique Visual Instruction 
Set (VIS™) that boosts multimedia performance to unprece- 
Jented levels. With operating speeds up to 200 MHz, 
and tremendous data throughput. With an impeccable 
ineage in network applications throughout the corporate 
world, and out onto the Internet. 

UltraSPARC-I delivers scalable performance 
up to 300 SPECint92 and 400 SPECfp92. With perfor- 
mance doubling within two years. Precisely the kind of 
performance you need to meet the requirements of today’s 


and tomorrow s network. 


To learn more, call SPARC Technology Business 


at 1 (8300) 681-8845, or go on-line at y S 
wy Sur 


microsystems 






http://www.sun.com/ sparc/Net.Engine. 
CIRCLE NO. 228 
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Get Hooke 

New Lo 
Side Port 

Pressure Sensors 


SenSym’s New proprietary Low-Profile DIP Available In: 
Package Solid-State Pressure Sensors will accommo- Compensated or Uncompensated Form 
date 4" spacing for P.C. board assemblies. To further Gage, Differential or Absolute 
add to its value, it also can be machine-inserted and Configurations 
withstand normal board cleaning (washing). 4" H90 to 100psi Pressure Ranges 

















For literature or applications assistance, 
contact your local SenSym Representative or 
call SenSym’s Applications Engineering 
Department at: 


(800) 45-SENSYM 








SenSym, Inc. * 1804 McCarthy Blvd. * Milpitas, CA 95035 FAX (408) 954-9458 
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Prolog for Macintosh, 
Unix, and DOS. Bell North- 
ern Research (BNR) Ltd has 
licensed Applied Logic Sys- 
tems (ALS) to merge the ALS 
Prolog compiler system with 
BNR Prolog. Version 3.5 of 
BNR Prolog costs <$100. 
Other versions for Unix and 
DOS are also available. 
Applied Logic Systems Inc, 
Newton Centre, MA. (617) 
965-9191. Circle No. 368 


DEC Alpha compilers for 
NDP Fortran, C/C++, and 
NDP Pascal. The compilers 
run under Windows NT and 
OSF and require the use of 
the Digital Equipment Corp 
Alpha assembler and the 
appropriate system linker. 
The NDP family of compilers 
uses a vectorizing scheduler 
to maximize Alpha through- 
put for high performance. 
The Windows NT versions of 
the compilers cost $795. 
Microway, Kingston, MA. 
(508) 746-7341. 

Circle No. 369 





Learn to design with 
FPGAs. The epXkit com- 
bines epXboard with the 
240-pg “FPGA Workout.” 
The text illustrates how to 
design combinatorial logic, 
counters, state machines, 
and a 4-bit wC, using field- 
programmable gate arrays 
(FPGAs). The epXboard is 
based on the Altera EPX780 
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FPGA and has the equivalent 
of 3500 gates. The PLDshell 
programming tool lets you 
describe your logic with 
Boolean equations, truth 
tables, or state-transition 
statements. A graphical sim- 
ulator lets you check your 
design before loading it into 
the pc board through a PC’s 
printer port. The FPGA uses 
static RAM, letting you 
quickly modify designs. The 
kit costs $169.95. Xess Corp, 
Apex, NC. (919) 387-1302. 
Circle No. 370 


486 PC system board 
integrates graphics, 
sound, fax, and LAN. The 
LPM30 supports 64-bit 
accelerated local-bus graph- 
ics, 16-bit stereo sound, 
enhanced IDE CD-ROM 
drives, voice/fax/data mo- 
dems, and twisted-pair Eth- 
ernet. The board lets system 
integrators and resellers cre- 
ate multimedia systems that 
do not require add-in cards. 
Integrating these functions 
on the system board saves 
money and avoids DMA and 
interrupt-request conflicts. 
The board accommodates a 
variety of 3.3, 4, and SV, 486- 
class processors from Ad- 
vanced Micro Devices, 
Cyrix, and Intel. 
The board without 
modem and LAN 
options costs $275 
(OEM), including a 
128-kbyte cache 
memory and 1- 
Mbyte video mem- 
ory. Micronics 
Computers Inc, 
Fremont, CA. (800) 
577-0977. 

Circle No. 371 


3.5-in. hard-disk drives 
suit high-throughput, 
uninterrupted data 
transfers. The Quantum 
Trailblazer drives offer 420- 
($215) and 850-Mbyte 
($315) capacities. They oper- 
ate at 4500 rpm and have a 
14-msec average seek time. 
MTBF is 300,000 hours. The 


540- ($240) and 1080-Mbyte 
($395) Fireball drives have 
an MTBF of 500,000 hours. 
Both drive families use the 
company’s AutoTransfer 
technology to minimize 
command overhead and 
Multiple AutoRead and Mul- 
tiple AutoWrite ASICs to 
improve sequential data 
transfers. The drives use an 
embedded-servo scheme, 
which intersperses position- 
ing information with user 
data on each disk. The 
embedded-servo scheme 
eliminates the need for the 
thermal recalibrations that 
other servo methods re- 
quire. Thermal recalibra- 
tions sometimes result in 
delays that cause missed 
frames in movies or notice- 
able gaps in music. The 
drives feature a Fast ATA-2 
interface for data transfers as 
fast as 16.6 Mbytes/sec. The 
Fireball drives also support 
Fast SCSI-3 data transfers of 
up to 10 Mbytes/sec. Quan- 
tum Corp, Milpitas, CA. 
(408) 894-4000. 

Circle No. 372 


C library available as DLL 
for PCs running under 
Windows 3.1. The C library 
dynamic-link library (DLL) 
suits software developers, 
scientists, and engineers 
who need to integrate 
numerical C routines into 
their Windows programs 
and applications. Your soft- 
ware can call and load the 
routines at runtime from 
within Windows programs. 
The library includes >250 
routines, providing func- 
tions for minimization, ordi- 
nary differential equations, 
Fourier transforms, quadra- 
ture, linear algebra, solu- 
tions of systems, curve and 
surface fitting, special func- 
tions, statistical functions, 
and other numerical compu- 
tations. You can seamlessly 
integrate the DLLs with 
C/C++ Windows software, 
and you can call the DLLs 
from Visual Basic and inte- 
grate them with Windows 


applications, such as Excel. 
$495. Numerical Algo- 
rithms Group Inc, Downers 
Grove, IL. (708) 971-2337. 
Circle No. 373 


Double-speed CD records 
and plays back. The Deltix 
CD-R2 for audio-recording 
and premastering applica- 
tions supports most multi- 
media and interactive-CD 
data formats, including CD- 
DA, CD-ROM, CD-ROM XA, 
CD-I, and Photo CD.; The 
unit comes with a SCSI-2 
interface, SCSI cards, SCSI 
cables, media, audio jacks, a 
power cord, a caddie, and 
software. Prices for subsys- 
tems for Macintosh- or Win- 
dows-based systems start at 
$1795. Olympus Image Sys- 
tem Inc, Woodbury, NY. 
(516) 364-3000. 7 

Circle No. 374 





Synchronous modem 
eliminator allows direct 
connection between ter- 
minals and computers. 
The. Model 5000 synchro- 
nous modem eliminator 
regenerates data and clock 
signals, extending the allow- 
able distance between com- 
puter and terminals to 100 
ft. Low-capacitance cables 
extend the connection dis- 
tance to 500 ft. Internal 
switch settings allow data 
rate selection from 1200 to 
19,200 bps and request-to- 
send/clear-to-send delay 
selection from 0 to 150 
msec. The unit’s crystal-con- 
trolled oscillator or either 
terminal device supplies 
timing. Five LEDs provide 
status of data, timing, and 
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handshake signals for both terminals. 
The unit costs $350. Electro Standards 
Laboratory Inc, Cranston, RI. (401) 
943-1164. Circle No. 375 


Tape-backup units for Windows NT 
systems. The MS4000DATX—NT is 
based on a SCSI DDS/DC digital-audio- 
tape (DAT) drive and offers 4 Gbytes of 
storage capacity when using hardware 


data compression. Native-mode trans- 
fer speed is 22 Mbytes/minute, and 
compressed-mode transfer speed is 44 
Mbytes/minute. An internal version of 
the unit costs $1995, and an external 
version costs $2195. The MS8000- 
DATx—NT is based on a SCSI DDS-2 
DAT drive and offers up to 8 Gbytes of 
storage capacity with a 48- 
Mbyte/minute data-transfer rate. Bit- 
error rate is <1 in 10. MTBF exceeds 


Toshiba AC Switches. The space-saving alternative to Solid State Relays. 


“@----4------, 


The sw 


There are some very good 
reasons why the industry is moving 
to Toshiba AC switches. 

Thanks to simplified construc- 
tion, they’re significantly smaller 
than traditional solid state or 
mechanical relays. And space 
saved at the component level trans- 
lates directly to smaller product 
designs and more cost-effective 
solutions — especially in equipment 
that requires high component 
densities. 

Plus, since Toshiba AC switches 
are composed of fewer parts, they’re 


itch is on. 


more reliable than multi-part solid 
state relays. Their longer lifetimes 
and zero switching surge give 
them higher system reliability than 
mechanical relays. 

And because they’re available 
in 1A, 2A and 3A configurations at 
both 400V and 600V, they’re versatile 
enough to be used in a variety of 
circuits and applications. 

For more information, just call 
us at the number below. 

We'll show you one small switch. 

And one big difference. 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


©1995 Toshiba America 
Electronic Components, Inc. 
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150,000 hours. An internal version of 
the unit costs $2395, and an external 


version costs $2595. Conner Peripher- 


als Inc, Tape Products Group, Costa 
Mesa, CA. (714) 641-1230. 
Circle No. 376 


3.5-in. disk-drive families offer 2.1- 
to 9.1-Gbyte capacities. The 5400- 
rpm Empire II family and the 7200-rpm 
Atlas II families use _partial- 
response/maximum-likelihood read 
channels and magnetoresistive heads. 
Specifications for the Empire II drives 
include an 8.9-msec seek time, a 90- 
Mbps read-channel data rate, and a 40- 
Mbyte/sec external data rate. Specifica- 





tions for the Atlas II drives include a 
7.9-msec seek time, a 110-Mbps read- 
channel data rate, and a 200-Mbyte/sec 
external data rate. The 2.1- and 4.3- 
Gbyte drives are 1 in. high, and the 9.1- 
Gbyte drives are 1.63 in. high. MTBF is 
1 million hours. Prices for the Empire I 
drives range from $995 to $2495, and 
prices for the Atlas II drives range from 
$1195 to $2995. Quantum Corp, Mil- 
pitas, CA. (408) 894-4000. 

Circle No. 377 


Color VGA LCD kit lets you evalu- 
ate color LCDs for $995. The Color 
VGA LCD Simplicity Kit includes a 9.4- 
in. color display with 4096 colors, cold- 
cathode fluorescent-tube backlighting, 
a 16-bit ISA bus-controller card, a back- 
light inverter, and cables. An optional 
analog touchscreen provides up to 
1024 touch points. Apollo Display 
Technology Inc, Holtsville, NY. (516) 
654-1143. Circle No. 378 


Frame grabber is compatible with 
a wide variety of video sources. 
The Imascan/Precision Peripheral 
Component Interconnect (PCI)/VL bus 
board works with color or mono- 
chrome video sources, including 
National TV Systems Committee/ 
phase-alternation line standards, S- 





Faster than an analog scope. 
And with instant replay. 


other digitizing scopes hours 






If you’ve ever dreamed of an 


instrument that combines the best to find. Such as events you could 


of both analog and digital scopes, your wish see with an analog scope but were 


has been granted. Tektronix TDS 700A TruCapture™ unable to store and review later. 


oscilloscopes are actually faster than the fastest The TDS 700A series gives you true representation of 


signals, with up to 1 GHz bandwidth anda4GS/s sample 


- 


rate. Plus, it’s got the same familiar interface as the entire 


TDS line so you won't have to learn anything new. 


analog scopes. Yet they give you the playback power 
of digital technology. All at the touch of a button. 
Our new InstaVu™ acquisition system is the key 


to this performance. In a second, it To discover how the world’s fastest oscilloscope 





captures glitches can help you work more efficiently, call Tektronix 


that might take today at 1-800-426-2200, ext. 327. 


: Tektronix 
7 








@g 'SO 9001 ©1994 Tektronix Inc. All rights reserved. Tektronix, InstaVu, and 
Guam  TruCapture are trademarks of Tektronix, Inc. 


55A-500053 
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Video, RS-170/Consultative Commit- 
tee, International Radio, and 
RGB/YUV. Color sources are digitized 
to 24-bit accuracy, and monochrome 
sources are digitized to 8-bit accuracy. 
The board offers a variety of features to 
ensure high precision in the video cap- 
tures. Sub-pixel clock adjustment pro- 
vides exact pixel centering. You can 
synchronize video captures with an 
external trigger. The board, including 





drivers for imaging application soft- 

ware, costs $1595. Imagraph Corp, 

Chelmsford, MA. (508) 256-4624. 
Circle No. 379 


Rack-mount SCSI switch lets you 
share 32 SCSI devices between two 
computers. The SCSI Switch, a 4x2 
electronic crosspoint switch, provides 
transparent selection of up to 32 SCSI 


Loral Makes a Replacement for the Versatec V80™ 
That Uses No Liquid Chemicals. 


NEW FROM LORAL 


The Loral 9080 is a plug-compatible, exact replacement for the Versatec V80. It 
gives you everything you want and need in a high speed printer/plotter. With the 
9080, you get clean, crisp copies every time using an environmentally-friendly dry 


process. No chemical inks or toners. 


EASY TO INSTALL AND USE 


Installation couldn't be easier. Simply unplug the V80 and plug in the 9080. The 
9080 is designed to work with all existing Versatec V80 software and hardware 


interfaces. 






Powered by the Astro-Med Print Engine, the 9080 prints high-resolution documents 
at 200 dpi on fanfold or roll paper. Print Speed is 15 pages per minute. Plot speed is 
one inch per second. Price is under $12,000. 


To order the Model 9080, call (813) 378-6984. For more information write: Loral Data 


Systems, P.O. Box 3041 M/S41, Sarasota, FL 34230 or call our hotline (813) 377-5590. 


LORAL. 


Data Systems 


Versatec and V80 are trademarks of Versatec, Inc. 


CIRCLE NO. 34 
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devices between two computer sys- 
tems. You can control the unit from the 
front panel or via a remote RS-232C 
interface. The system supports 10- 
Mbyte/sec data rates on 8-bit (narrow) 
versions and 20-Mbyte/sec Fast SCSI 
devices on 16-bit (wide) versions. Six 
models costs $1545 to $2245. Applied 
Concepts Inc, Wilsonville, OR. (503) 
685-9300. Circle No. 380 


IEEE-488 converter automatically 
sizes graphics and lets you substi- 
tute HP printers for plotters. The 
MicroPrint 45CV converts IEEE-488 to 
Centronics and connects to HP Cen- 
tronics printers, HP computers, and 
automatic-test-equipment (ATE) sys- 
tems with IEEE-488 interfaces. The unit 
is transparent to ATE software and 


requires no software changes or addi- 
tions. The device solves the problem 
HP printers cause by defaulting to their 
lowest or highest resolution on power- 
up. An HP-GL mode lets you use HP 
LaserJet, ThinkJet, PaintJet, QuietJet, 
and DeskJet printers instead of plotters. 
The device costs $299. Intelligent 
Interfaces Inc, Stone Mountain, GA. 
(404) 381-9891. Circle No. 381 


Digital-audio board for ISA bus 
supports apt-X encoding and other 
compression formats. The SX-26 
digital-audio board also supports 
ISO/MPEG-1 Layer I/II, Dolby AC-2, 
Oki adaptive differential PCM 
(ADPCM), Microsoft ADPCM, DVI 
ADPCM, CDI ADPCM, CD-ROM XA, 
and 8- and 16-bit PCM. The board uses 
the TMS320C31 DSP and can simulta- 








Both are turbos with a V6 engine, 
but the one on the lef 
will launch the next generation 
of motiem devices. 


Le aca ataa Room for two Undeniably sexy looking 
(us. 14.4 standard today) } 














Attention grabbing red 











Internal functions 
which allow direct 
interface to an 


IBM PC bus 


Not too sexy looking 


Pin selectable 32 bytes of FIFO 


(us. 16 on 550) : Matching tires 


Startech’s Turbo 16C650 Imported Sports Car 


Startech’s new ST16C650 is bytes of FIFO, compared to products, call (800) 245-6781 
going to help drive the next today’s 16. Its internal func- or fax us at (408) 745-1269. 





generation of modem tions allow direct interface to Together, we’ll make the 
devices. And while on the an IBM PC bus. It is pin selec- next generation of modem 
outside it may not look as table and has reduced soft- devices faster and better than 
flashy as an imported sports ware overhead thanks to ever. Then watch sales take off 
car, on the inside it is far Xon/Xoff handshaking. And down the road. 
more remarkable. it has a sleep mode that lets 

Compatible in footprint to the chip power down auto- 
our older 550, it is the first matically when there’s no 
and only UART product to communication. 
offer all of the following fea- For more information on <a Cee | 
tures in combination. how the new ST16C650 can ie T ARTECH » 

It has a 28.8 kb/sec baud _ help launch your advanced eee eer 
rate, compared to today’s modem products, or evalua- ae 3 ms geerg ty 
standard of 14.4. It has 32 tion boards on all of our (408) 745-0801 
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neously record or play two 
independent stereo digital- 
audio files. The board also 
provides balanced and 
unbalanced analog and 
AES/EBU or S/PDIF digital 
input and output for main- 
taining the integrity of the 
original analog or digital sig- 
nal. The board includes soft- 
ware drivers for Windows, 
Windows NT, and DOS. The 
board costs $3495. An audio 
developer’s kit supporting C, 
Pascal, and Basic costs $750. 
Antex Electronics Corp, 
Gardena, CA. (310) 532- 
3092. Circle No. 382 


0.5-in.-high disk drive 
holds 815 Mbytes. The 
MK-1926F 2.5-in. disk drive 
has a 13-msec average seek 
time and weighs 150g. The 
three-platter drive has an 
internal 44.9-Mbps data- 
transfer rate, a 128-kbyte 
cache buffer, and a 4200- 






Pr att 
panel 






coorens: 





7158 = EDN JUNE 22, 1995 


Pentium is a trademark of Intel Corporation. PowerPC is a trademark of IBM Corporation. 
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rpm spin speed. It draws 1W 
from a SV supply and has a 
5-sec spin-up time. The drive 
is available with a Fast 
ATbus-attachment (ATA) or 
SCSI-2 interface. With a 
SCSI-2 interface, the drive 
has a 10-Mbyte/sec synchro- 
nous data-transfer rate and a 
6-Mbyte/sec asynchronous 
data-transfer rate. The Fast 
ATA interface supports mul- 
tiword DMA mode 2 and 
PIO mode 4 data transfers at 
16.6 Mbytes/sec. Samples 
cost $1000. Toshiba Ameri- 
ca Information Systems 
Inc, Disk Products Divi- 
sion, Irvine, CA. (714) 457- 
0777. Circle No. 383 


Disk drive series adds 
Fast/Wide SCSI-2 inter- 
face. The AV Gold Series 
disk drives now offer a min- 
imum sustained transfer rate 
of 4 Mbytes/sec with a max- 
imum burst rate of 20 


See us at Electro International '95 
Booth #2232 
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Mbytes/sec. The series 
includes the $3950, 5.25-in. 
Scorpio 9 Model 199WAV 
with a 9.1-Gbyte formatted 
capacity; the $2510, 3.5-in. 
Capricorn 4 model 3243- 
WAV with a 4.3-Gbyte 
capacity; and the $1950 Tau- 
rus 2 model 4221 WAV witha 
2.1-Gbyte capacity. The 
drives have a 650,000-hour 
MTBF. Micropolis Corp, 
Chatsworth, CA. (818) 709- 
3300. Circle No. 384 


Remote-access system in- 
tegrates 16-port switch, 
V.34 modem, and a time- 
synchronized password. 
The ISAS-7016 integrated se- 
cure-access system provides 
secure access for networks 
and other computer devices 
using the SecureID card and 
ACM-100 access module 
from Security Dynamics. 
The SecureID card provides 
two levels of authorization 


WAKEFIELD COOLS THE 
HOT NEW PROCESSORS 


ashIKE POWERPC; INTEL P6, AND INTEL PENTIUM” 


2 You're using the hottest, high-performance microprocessors to build your newest 
systems. We're making the coolest, high-performance heat sink solutions. 


Wakefield's Penguin™ Coolers feature rapid, labor-saving clip attachments to ZIF and LIF 
sockets and pre-applied thermal interface materials for the lowest final assembly cost. 


Solutions that work. Call and we can make you one cool customer: 
60 Audubon Road, Wakefield, MA 01880. 
(617) 245-5900, fax (617) 246-0874. 
In the West: (800) 367-7688, fax (800) 367-7588. 
Or call (800) 236-COOL for your free catalog. 
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based on passwords that 
change every 60 sec. Pass- 
words are time-synchro- 
nized with the ACM units. 
The system operates from 
110V ac or 48V dc and costs 
$2899. Gilltro-Electronics 
Inc, Santa Clara, CA. (408) 
727-6422. Circle No. 385 


TFT, 9.4-in., active-matrix, 
color LCD is rack-mount- 
able. The thin-film-transis- 
tor (TFT) RMM280 LCD in- 
cludes rack mounting. 
Standard VGA output drives 
the 640 480-pixel-resolu- 
tion, 4096-color LCD. Front- 
panel controls include 
brightness, contrast, VGA 
text, tracking, frequency, 
vertical, and horizontal posi- 
tioning. The monitor mea- 
sures 19 in. widexX8.75 in. 
highX5.5 in. deep. It costs 
$2995 (10). Recortec Inc, 
Sunnyvale, CA. (408) 734- 
1290. Circle No. 386 
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Voc Out 





Now there’s a single, monolithic, fully-protected 
PCMCIA Power Controller that meets all Voc and Vpp 
power management challenges. 


Designed For Integrated Power Control 

The MIC2560 power controller handles all power 
switching requirements in a single 16-pin SOIC. It 
requires no additional external discrete power compo- 
nents and no “glue” logic. Directly interfacing between 
the logic controller and the PCMCIA socket, the MIC2560 
selects 3.3V or 5V for Voc and 12V, 5V, 3.3V, OV or 
high impedance for Vpp. 


Designed For System Safety 

Not only does the MIC2560 provide complete 
power switching, it enhances product reliability 
by protecting the entire system from many 





internal and external faults, including shorted MEMBER COMPANY 


cards, screwdrivers, probing fingers and high tempera- 
tures. 

The MIC2560 is the only device on the market that 
provides these second generation safety features: 

¢ Current limits on both Vcg and Vpp outputs 

¢ On-chip thermal sense and overload shutdown 

¢ Flag output for over current or over 

temperature conditions 


Micrel PCMCIA Switching Products | Availability 


MIC2557 Single Vpp Switch Matrix 
MIC2558 Dual Vpp Switch Matrix 


Available Now 
Available Now 


MIC2560 Voc & Vpp Power Controller Available Now 


with Full Protection 


- MIC2561 Low Cost Veg & Vpp Switch 
Matrix with Full Protection 


Available Now 
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Overcurrent 
1A 1A 
Overtemperature 
Protection 


Error Flag 





Flag 












MIC2560 
Vpp Out 





¢ Controlled rise and fall times 
¢ Built-in illegal-state lockout control eliminates 
switch “shoot through” 


Designed For System Compatibility 
The MIC2560 is designed to exceed the latest and 
most stringent PCMCIA specifications and recommenda- 
tions. It can output one amp Vg current at either 3.3V or 
SV with insignificant loss across its 40 milliohm switch 
and provides a Vpp output of 200 milliamps at all stan- 
dard voltage levels. The MIC2560 is available in ver- 


PCMC IA sions that interface with most of the popular PCM- 


PC 


Cara 






CIA logic controllers on the market today! And if 
your application doesn’t require the ultra low on 

resistance of the MIC2560, the new MIC2561 
offers the same features but at a reduced price. 






Designed To Support You 

Micrel provides complete applications support for 
all aspects of your PCMCIA power control implementa- 
tion. Call for our informative booklet on PCMCIA power 
switching and industry standard controller interface. 

AS a power management pioneer, Micrel is 
committed to remaining the first choice for PCMCIA 
power control. Call or Fax Micrel today for complete 
details on the MIC2560, MIC2561 or other Micrel PCMCIA 
power control devices. : 

Micrel Semiconductor, 1849 Fortune Dr., San Jose, 
CA 95131. Phone: (408) 944-0800 Fax: (408) 944-0970 
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High Performance Analog Power ICs 
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Beat The Board Hogs 


With the First SMT 128K x 32Bit SRAM 














When your designs require more memory, 


speed and board space, the new 
EDI8L32128C-AC is the answer. 
Our high density memory 
array solution doubles the 
efficiency of your board 


design - in half the space. 


Some EDI8L32128C-AC 


high-performance advantages: 





M Speed: 15, 17, 20 and 25ns 
m@ JEDEC SMT: 68 Pin PLCC 
@ Small Footprint: 0.990 sq. inches 


@ User Configurable Organization 


m@ High Density 4 Mbit CMOS SRAM 





Achieve the greatest memory efficiency 
without hogging your valuable board design. 
Give us a call today for samples and 
application information. 





New Memory Databook now available. 


Better performance than four 508 24 366 @ 5 1 5 1 ext. 2 1 4 


128K x 8 PSOJs in half the space EDI is ISO9001 Certified 


VAD 


ELECTRONIC DESIGNS INC. 





Electronic Designs, Inc. 
One Research Drive * Westborough, MA 01581 USA Tel: 508-366-5151 © Fax: 508-836-4850 


Electronic Designs Europe, Ltd. 
Shelley House, The Avenue ¢ Lightwater, Surrey GU18 5RF United Kingdom * 0276 472637 © Fax: 0276 473748 
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Native-compiled-code 
simulator speeds execu- 
tion. The NC-Verilog simu- 
lator uses the company’s 
Interleaved Native Com- 
piled-code Architecture 
(INCA) to provide a speed 
increase over Verilog-XL 
Turbo at the register-transfer 
level. The simulator also uses 
memory more efficiently. 
According to the company, 
the new architecture will 
eventually allow multiple 
types of simulation, such as 
Verilog, VHDL, event-dri- 
ven, cycle-based, digital, and 
analog, to execute concur- 
rently without co-simula- 
tion penalties. NC-Verilog 
will go into beta testing in 
the second quarter of this 
year. The company plans to 
begin shipments this year. 
From $32,000. Cadence 
Design Systems Inc, San 
Jose, CA. (408) 943-1234. 
Circle No. 342 


Software converts pc- 
board graphic formats 
for viewing and printing 
under Windows. CAM- 
CAD for Windows lets you 
view, print, compose, and 
convert pc-board graphics 
formats including Gerber, 
HPGL, and DXF. The soft- 
ware lets you view conver- 
sions before printing to veri- 
fy correct layer assignments 
and other features. The 
CAMCAD viewer costs $200. 
Options start at $99 for the 
Gerber/DXF/HPGL view and 
print module. Router Solu- 
tions Inc, Newport Beach, 
CA. (714) 721-1017. 

Circle No. 343 


New release of Verilog 
simulator doubles previ- 
ous performance. The Ver- 
ilog Compiled Simulator 
(VCS) 3.0 has new optimiza- 
tion features that improve 
performance, regardless of 


I 





which Verilog constructs 
you use. The simulator 
makes the greatest improve- 
ments in large designs. 
According to the company, a 
processor design that took 
75 sec to run on the earlier 
version of VCS takes 37 sec 
on the new version. The sim- 
ulator is available immedi- 
ately and costs $40,000 for a 
floating license. Chronolog- 
ic Simulation, Los Altos, 
CA. (415) 965-3312. 

Circle No. 344 


Kit converts gate-arrays 
into FPGAs. The Altera 
gate-array conversion kit lets 
you convert gate arrays to 
field-programmable gate 
arrays (FPGAs). According to 
the company, gate-array 
vendors are phasing out 
some gate-array designs 
using old process technolo- 
gy as the vendors migrate to 
new submicron processes. 
The free conversion kit pro- 
vides a way to keep those 
designs in production using 
the company’s programma- 
ble logic. The kit supports 
LSI Logic’s LCA100K, LCA- 
200K, and LCA300K families 
and Fujitsu’s CG24 library. 
Translation for other ven- 
dors is in progress. Altera 
Corp, San Jose, CA. (408) 
894-7000. Circle No. 345 





@& Signal-integrity tool 
simulates the effects of 


nonideal power and 
ground planes. Contec- 
Delta-I combines a pc-board- 
and multichip-module 
(MCM)-layout interface 
with a 3-D inductance and 
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resistance field solver. The 
tool simulates the effects of 
imperfect reference planes 
on the operation of traces 
and discrete components. 
The software reads the 
geometries of the planes and 
their discontinuities directly 
from layout programs. The 
signal-integrity tool current- 
ly supports Cadence Allegro, 
Mentor Graphics Board Sta- 
tion and MCM Station, and 
Zuken-Redac tools. It runs 
on HP Series 700 and Sun 
SPARCstation workstations. 
The tool costs $30,000 for a 
fixed-node license and 
$36,000 for a floating-node 
network license. Contec 
Microelectronics USA Inc, 
San Jose, CA. (408) 434- 
6767. Circle No. 346 


PLD tool adds Verilog 
simulator. The Synario 
Windows-based design tool 
for programmable logic of- 
fers integration with Front- 
Line Design Automation’s 
BaseLine Verilog simulator. 
The Verilog XL-compatible 
simulator is available in two 
options. The first option 
costs $2995 and provides 
entry-level simulation sup- 
port, a subset of BaseLine’s 
simulation capabilities. The 
second option costs $4995 
and includes additional 
functions, such as source- 
level eng and Pro- 
gramming Lan- 
guage Interface 
support. Data 
I/O, Redmond, 
WA. (206) 881- 
6444. 
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Synthesizable 
SONET core 
for asynchro- 
nous-transfer 
mode. The synchronous- 
optical-network (SONET) 
User Network Interface 
processor core implements 
transmission convergence 
and cell delineation with a 
Utopia interface. You can 
synthesize the core by using 


Synopsys and field-program- 
mable gate-array synthesis 
tools. End users can license 
the product, and ASIC ven- 
dors can add the core to their 
libraries. Prices for the gate- 
level design and source code 
begin at $120,000. VHDL 
versions cost extra, depend- 
ing on the VHDL simulator 
you use. AdvanCell Logic 
Corp, Cupertino, CA. (408) 
777-9915. Circle No. 348 





IC-analysis software de- 
tects electromigration 
and voltage-drop prob- 
lems. RailMill helps you 
analyze complex, high-per- 
formance, deep-submicron 
designs. The tool analyzes 
current and voltage behav- 
ior and indicates where local 
current density or voltage 
drop is likely to cause failure 
and reduce product lifetime. 
Prices for the tool start at 
$130,000. Epic Design 
Technology, Santa Clara, 
CA. (408) 988-2997. 

Circle No. 349 


Electronic-design-entry 
and -analysis tool runs 
under Windows. Spice-It 
for Windows provides a 
schematic editor, an interac- 
tive graphical simulation 
engine, libraries, and a 
device and symbol editor. 
The system lets you model 
and analyze digital, analog, 
and nonelectronic systems 
at multiple levels of abstrac- 
tion. The software costs 
$1895. Spice-It for Windows 
NT costs $2095. Both will be 
available in the second quar- 
ter. CAD-Migos Software 
Tools Inc, Redwood City, 
CA. (415) 369-5853. 
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SOMETIMES, THE WRONG ADAPTER 





CAN MAKE A JOB GO FASTER. 
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FORTU NATELY Yes, overnight. When you've got a deadline 
) to meet and you need an adapter —- now — 
WE CAN DELIVER Call Emulation Technology. ET offers over 


4000 interconnect solutions, SO you can 

TH E ADAPTER YOU N FED choose from the world’s largest selection of 

3 adapters. And ET is the only company with 
hundreds of ready-built, pre-tested adapters 
in stock. So you can get the solution you need 
when you need it. And when you choose from 
our in-stock inventory we'll guarantee 
overnight delivery. You'll also get unlimited 
technical support — free. Plus a 100% 
satisfaction guarantee or your money back. 
Call 1-800-995-4381 or (408) 982-0660 for a 
free copy of our 225 page adapter catalog. 
It’s a real job saver. 





THE ADAPTER YOU NEED, 
OVERNIGHT. 





:. we EMULATION TECHNOLOGY INC. 


Adapter Products Division 





©1995 Emulation Technology, Inc. Worldwide Headquarters, 2344 Walsh Ave., Building F, Santa Clara, CA 95051-1301 U.S.A. Tel: 408-982-0660 « Fax: 408-982-0664 


E-Mail: 71774.3712@compuserve.com The ET Logo is a registered trademark of Emulation Technology, Inc. © eo Es 
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board for PC/104. The 
Promdisk V-104 solid-state 
disk-emulator board emu- 
lates one or two bootable 
read/write fixed-disk drives 
with capacities of 1 to 24 
Mbytes using flash memory. 
The board includes a BIOS- 
extension ROM, which con- 
tains the Datalight FTL inte- 
grated flash file system and 
boot utilities. The board is 
compatible with DOS and 
Windows, letting you copy, 
read, and erase files using 
standard DOS commands. 
The solid-state disk drive 
suits harsh environments 
and provides the additional 
benefits of smaller size, 
lighter weight, lower power 
consumption, and higher 
speed than do mechanical 
disk drives. Prices start at 
$119 for a 1-Mbyte board. 
Micro Computer Special- 
ists Inc, Vista, CA. (619) 
598-2177. Circle No. 326 





PCI bus board has 
TMS320C80 DSP and 
high-resolution graphics. 
The Griffin has a full 32-bit 
master/slave PCI bus inter- 
face, up to 8 Mbytes of 
DRAM, and a 24-bit RGB 
graphics interface with a 4- 
Mbyte video-RAM frame 
buffer. For memory expan- 
sion, I/O, and other periph- 
eral options, the board pro- 
vides a stackable mezzanine- 
bus interface providing 





direct access to the TMS320- 
C80’s key signals. A 512X32- 
bit synchronous bidirection- 
al FIFO buffer accom- 
modates data streaming 
between the C80 DSP and 
the PCI bus interface. A 
4kX32-bit dual-port RAM 
also links the C80 and PCI 
bus. The video output is 
based on the TVP3025 RAM- 
DAC and provides resolu- 
tions up to 16001280 pix- 
els at 16 bits/pixel or 
1024x768 pixels at 24 
bits/pixel. The board will be 
available in the third quarter 
for $8995. Ariel Corp, High- 
land Park, NJ. (908) 249- 
2900. 


RTOS supports Motoro- 
la‘s 68302 communica- 
tions processor. The RTXC 
real-time operating system 
(RTOS), a multitasking, real- 
time executive, lets you 
develop a small, fast, 
ROMable RTOS for your 
application. When com- 
bined with Windows-li- 
censed SingleStep from Soft- 
ware Development Systems, 
the RTOS provides a seam- 
less development and 
debugging envi- 
ronment. The 
| tools provide 
| full source-level 


aware- 
ness during de- 
and 


The 
royalty-free 
RTOS includes source code. 
V3.2 starts at $1495. Embed- 
ded Systems Products Inc, 
Houston, TX. (713) 728- 
9688. Circle No. 328 


Development kit for sys- 
tems integrating the 
Access.bus and smart 
power-management 
devices. The Access.bus sys- 
tem-management develop- 
ment kit (SMDkK) is a PC- 
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based environment for the 
design, development, and 
testing of system-manage- 
ment (SM) bus devices, soft- 
ware drivers, and applica- 
tions. The release of SMDK 
corresponds with the expan- 
sion of the Access.bus speci- 
fication to accommodate 
Intel’s SMbus. The com- 
bined specification defines a 
unified software architecture 
for a single controller that 
accommodates internal SM- 
bus devices and external 
Access.bus peripherals. The 
SMDK costs $2750. Com- 
puter Access Technology 
Corp, Santa Clara, CA. (408) 
727-6600. Circle No. 329 


Telephony libraries for 
Analog Devices’ DSPs. 
The Telephony Libraries are 
compatible with Analog 
Devices’ ADSP21xx fixed- 
point DSPs and ADSP21k 
floating-point DSPs. The 
libraries include signal-pro- 
cessing functions, such as 
acoustical echo cancella- 
tion, DIMF tone genera- 
tion/detection, call-progress 
monitoring, caller identifi- 
cation, AGC, and line-echo 
cancellation. All the func- 
tions are coded in assembly 
language and are callable by 
C programs. Each library 
costs $50,000 plus royalty. 
GAO Research & Consult- 
ing Ltd, Toronto, ON, Cana- 
da. (416) 292-0038. 
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VMEbus-based embed- 
ded computer uses 486- 
DX2. The EPC-8 embedded 
computer uses a 50- or 66- 
MHz 486DX2. The board 
provides Ethernet, local-bus 
Super VGA graphics, a 
watchdog timer, optional 
flash memory, and optional 
battery-backed SRAM. I/O 
interfaces include an RS- 
232C port, an RS-422/485 
port, a parallel printer port, 
and a PS/2-style keyboard 
interface. Expansion mod- 
ules are available for a vari- 
ety of I/O and mass-storage 


interfacing options. A 50- 
MHz board with 4 Mbytes of 
onboard DRAM costs $2247 
(100), and a 66-MHz version 
costs $2397 (100). Radisys 
Corp, Beaverton, OR. (S03) 
646-1800. | 
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AG A 
DSP-based STEbus board 
operates as intelligent 
data-acquisition and 
-control system. The Sadio 
board has a 16-bit SP2105 
DSP, eight 12-bit multi- 
plexed A/D channels, and 
two 12-bit DAC outputs. The 
device’s 32 kbytes of dual- 
ported RAM link the board 
and the STEbus. The board 
also provides 12 16-bit 
timer/counters, three inter- 
rupt sources, and two byte- 
wide latches for generating 
TTL-level digital outputs. 
The board costs £575. 
Arcom Control Systems 
Ltd, Cambridge, UK. +44 
(0)223 411200. 

Circle No. 332 


Software-development 
tools for SuperH 32-bit 
RISC and H8 embedded 
controllers. The computer- 
aided real-time-design tools 
(CARDtools) let you design 
and implement application 
software using graphical 
tools. You can simulate 
applications before writing 
code, checking for missed 
time deadlines, memory 
usage, race conditions, and 
other timing-behavior prob- 
lems. The software automat- 
ically generates ANSI C code 
and provides automatic doc- 


EDN JuNnE 22, 1995 ®* 163 


On —_ 


umentation to ISO 9000 
standards, including design 
traceability. The complete 
CARDtools set costs 
$25,000. CARDtools Sys- 
tems, Sunnyvale, CA. (408) 
559-4240. Circle No. 333 


Development kit for real- 
mode 80x86 real-time 
applications. The VRTX 
x86/rm application-devel- 
opment kit provides devel- 
Opment support for any 
80x86-compatible proces- 
sor, including Advanced 
Micro Devices’ AM386EM; 
Intel’s 386EX; and other 
80386-, 80486-, and Pen- 
tium-compatible processors. 
The kit includes the VRTX 
x86/rm real-time operating 
system and a set of software- 
development tools, includ- 
ing the company’s ANSI C 
compiler, a macro assembler, 
a linker/locator, and an 
object-module librarian. It 





e A86Dx™ CPU at 25MHz or 
33MHz clock frequency 


© Full 8K Cache with Floating Point 
e Ethernet Local Area Network 
Local Bus Super VGA Video/LCD 
© Up to 2MBytes Flash™ with TFFS 
e 4or 16MBytes User DRAM 
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“—4B6DX and Flash are registered trademarks of Intel Corp. 







WORLD'S SMALLEST 





The PC/Il +i includes: 


ee e PC/104 or ISA Bus compatible option (with ie 


e 4"x 4" Format; 6 watts power consumption at +5 volt only 


“2 asare PC, AT of IBM, megatel of Megatel Computer (1986) Corp. 


jeeeeeeeoee ee eee 
125 Wendell Ave. * Weston, Ont. * M9N 3K9° Fax: (416) 245-6505 
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also includes the company’s 
Xray x86/rm source-level 
target-linked debugger. The 
kit costs $2500. A develop- 
ment license for the option- 
al IFX x86/rm I/O and file- 
management module costs 
$495, the WIX x86/rm Win- 
dow I/O module costs $349, 
and the Xray x86/rm 
instruction-set simulator 
costs $895. Microtec Re- 
search Inc, Santa Clara, CA. 
(408) 980-1300. 

Circle No. 334 


image-processing library 
for the TMS320C40 DSP. 
The EyeLib library provides 
building blocks for develop- 
ers implementing standard 
image-processing routines. 
The library contains >400 
functions covering opera- 
tions such as fast edge detec- 
tion, convolutions, 2-D 
FFTs, binarizing, filtering, 
and image enhancement. 


Embedded PC with 
Floating Point, 


Ethernet & a 


(416) 245-2953 
megatel”| 
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The routines are callable 
from C, C++, assembly, and 
Ada. The universal library 
runs on any board-level 
C40-based system under any 
software environment. It 
costs $5000. Sinectonalysis 
Inc, West Newton, MA. 


(617) 894-8296. 
Circle No. 335 





Development systems 
provide real-time in-cir- 
cuit emulation for 68- 
HC11, HCO8, and HCO5. 
The CT68HC11 and CT68- 
HC08 pP-development sys- 


Pas 
SS 
boa 
Ss 


hh: 


LINK YOUR PC TO THIS “PC”! 


Download your .EXE file. = Flash! Program is Installed 





Ory Micro/sys delivers embedded PCs this easy 
to use. CPU, RAM, flash, serial ports, 1/0. V40 
through 486. All ready-to-run. On-board firmware 
loads .EXE files into RAM for debug, or into flash 
for your final system. 

| No hidden develop- 


18) 244-4600 © FAX (818) 244-4246 | 
MiCRO/SYS 


tems work with the Archi- 
medes/Hiware Hi-Cross C 
compilers to let you cus- 
tomize display windows and 
single-step over C state- 
ments. The systems also sup- 
port standard and user- 
defined data types and have 
a real-time trace system that 
displays a back-annotated 
trace of program execution 
in C without interrupting 
program execution. Prices 
for the development sys- 
tems for the 68HC11 or 
68HC08/05 start at $4350. 
Ashling Microsystems/ 
Eastern Systems Inc, West- 
borough, MA. (508) 366- 
3220. Circle No. 336 


PC-based image-process- 
ing system has frame 
grabber and uses TI C40 
DSPs. The Spirit-Image for 
DSP and non-DSP program- 
mers needing to perform 
hundreds to thousands of 










ment costs. Save time 
& money — right out 
of the box. Starting 
. at $235. Qty 1. 


CPU Choices: V40’s, 
800188’s, 386’s, 486’s 
Form Factors: SBCs, 
PC/104, STD BUS 


FREE! 
284 pg. 
Catalog 
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The Universe of high-performance, affordable, embedded system design expands with 
WinSystem's SBCs. Select 386/486 CPUs for standalone use. Or expand with the STD or 
PC/104 Bus. Unparalleled flexibility for space and budget-limited applications requiring 
PC performance and compatibility in harsh or remote environments. 


Call or write for a free Catalog and Poster. 


Systems’ 


715 Stadium Drive ¢ Arlington, Texas 76011 ¢ Phone 817/274-7553 * FAX 817/548-1358 
CIRCLE NO. 107 





Mflops. The DSP image-processing 
library provides more than 400 opti- 
mized functions. Typical applications 
include machine vision, robotics, and 
multimedia. The system includes 
frame-grabber and processing boards, 
which link via C40 communications 
ports that transfer data at up to SO 
Mbytes/sec. Using multiple Spirit-40 
processing boards provides higher per- 
formance. A development system, 





| EDN | [EMBEDDED SYSTEMS 


including hardware and software, costs 
$11,995. Sonitech International, 
Wellesley, MA. (617) 235-6824. 
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Real-time, multitasking operating 
system ported to the TMS320C8x 
DSP family. The SPOX real-time oper- 
ating system now runs on the 
TMS320C80 DSP. The port includes the 


Smart" Cable Solutions 
For Computer & Telephony Applications 


cage LBL AST 
‘ MAMA RHM MS | 
i +) 3 zi iatabit we 


High Quality custom cables designed and manufactured for a 
wide variety of PCMCIA computer telephony applications 
where packaging space is at a premium. Our many years of 
telecommunications and microelectronics packaging skills 
have provided many low cost, minimum space cable designs 
for cellular telephone EMI/ESD and DAA protection. 





APTEK 


Williams Inc. 


A Williams Controls Company 


7OO NW 12th Avenue 


Deerfield Beach, Florida 33442 
Tel: 305/421-8450 or 800/423-8450 


Fax: 305/421-8044 
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SPOX kernel and the company’s suite 
of signal-processing, software-develop- 
ment tools that support applications 
such as multimedia PCs, instrumenta- 
tion, and telecommunications. The 
SPOX-KNL, including Command Inter- 
preter and DPP, costs $12,000 and is 
available now. Spectron Microsys- 
tems, Santa Barbara, CA. (805) 968- 
5100. Circle No. 338 


Device-independent I/O subsys- 
tem. The RTXCio device-independent 
I/O subsystem works with the RTXC 
real-time executive. The subsystem 
provides a standard application-pro- 
gramming interface between the appli- 
cation task and any number of devices 
to ensure product stability and porta- 
bility. The user license costs $2200, and 
the software-development kit costs 
$500. Embedded Systems Products 
Inc, Houston, TX. (713) 728-9688. 
Circle No. 339 





Demonstration kit for two-wire 
multiplexed control system. The T- 
Buss system uses a two-wire multiplex 
system to transmit commands and 
receive data from up to 255 identifica- 
tion modules (IDMs) spread along 5000 
ft of wire. A T-Buss controller uses time- 
division polling to monitor the IDMs. 
The T-Buss demonstration kit includes 
the TCU5 minicontroller, the CONV- 
232 piggyback pc board for RS- 
232C/485 conversion, RS-232C cable, a 
DB9-to-DB25 converter, a power sup- 
ply, three 3135 IDMs, a 3100 demon- 
stration/evaluation module, and PC- 
DOS software. The kit costs $169. Trac- 
er Electronics Inc, West Paterson, NJ. 
(201) 256-4499. Circle No. 340 





Microchip's high-end OTP microcontroller 
family is quickly becoming the world's most 
powerful 8-bit solution for real-time 
embedded control applications. 


Microchip’s mid-range microcontroller 
family adds a whole new level to 
product development with the 

same modified RISC architecture, 

and even more flexibility with 
high-performance peripheral 
integration including ADCs. 


Microchip's base-line family of 
low-cost 8-bit OTP microcontrollers 
features modified RISC architecture 
—up to 4 times faster than 
C1SC-based competitors. 








4K words EPROM 
64K words External Memory 
Single-cycle 8x8 Hardware Multiplier 
Dual Capture / Compare / PWM 
hen you're building toward success, look to the unprecedented performance and a high-performance RISC architecture which outperforms CISC-based competitors 
and ultimate flexibility of Microchip's PIC16/17 family — The Emerging provide key design advantages for your applications. And with the complete support of 
World Standard™ for 8-bit MCU architecture — available off-the-shelf today from Microchip and Bell Industries, you can move your 
Bell Industries. competitive advantage to a whole new level. 
Only Microchip microcontrollers provide a seamless migration path between Build on the three-tier compatible 
product families and the industry's most cost-effective OTP to achieve the exact mix microcontroller family from Microchip - 
of price, performance and versatility you need to get your design into production fast. call Bell Industries for free samples PN DGS TREES 
Let Bell Industries’ nationwide team of Field Application Engineers and and technical information today. 
; SMALL ENOUGH TO CARE 
technical sales staff put you in control. Short lead times, flexible OTP technology 1-800-525-6666 LARGE ENOUGH TO DELIVER 


IRCLE NO. 108 
Microchip Technology Inc. e North America @ Asia/Pacific © Europe @ Japan Cc C 
2355 West Chandler Boulevard, Chandler, Arizona 85224-6199 ¢ (G02) 786-7200 e FAX (602) 899-9210 


The Microchip name, logo and PIC are registered trademarks of Microchip Technology Inc. ©1995 Microchip Technology Inc. All rights reserved. 





books that work 


the way you work 





Specific design examples of circuits! 
Radio Frequency Transistors: 


Principles and Practical Applications 
Norman E. Dye and Helge O. Granberg, 
Motorola 

Written by two experienced RF design engineers, 
this new book discusses the selection of solid state 
devices for specific applications. For the most part, 


it is devoted to specific design examples of circuits. 
Sept. 1992 288pp. cloth 07506 9059 3 $39.95 (£40.00) 


Achieve acceptable EMC performance at minimal cost! 


EMC for Product Designers 
Tim Williams 

Electromagnetic compatibility is becoming 
increasingly important in the design of electronic 
products. In the absence of comprehensive U.S. 
standards, the Europeans are leading the way in this 
field. This book examines the European Commission's 
standards on EMC and, most importantly, outlines how 
EMC design principles need to be incorporated from the 
beginning to avoid cost and performance penalties. 
October 1992 272 pp cloth 07506 12649 $42.95 (£24.95 paper) 


Loaded with practical information 
Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
In order to obtain the best performance from re- 

chargeable batteries, it is essential that they be ap- 
plied correctly. This isa comprehensive reference on 
proper selection, specification and application guide- 
lines from one of the world's largest sealed-cell 
manufacturers. 

May 1992 290pp. cloth 0 7506 9227 8 $49.95 (£38.50) 


In the U.S. 
1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-438-1479 
BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 








In the U.K. and Europe, order from: 
REED BOOK SERVICES LTD. 


Special Sales Department 
P.O. Box 5 Rushden, Northants NN10 9YZ U.K. 
To order by phone: 
TEL. 0933 58521 FAX 0933 50284 


CAHNERS 12.89 
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of this issue! 





Circuit design or software problems? EDN’s DESIGN 
IDEAS can help eliminate the headaches. This complete 
collection of 1994 EDN Design Ideas supplies clever and 
unique hardware and software solution. 


You get completely debugged and tested circuits and soft- 
ware listings, plus lots of practical design information to 
help you tackle tough circuit-design and software dilem- 
mas. EDN'SDESIGN IDEAS cover sensing, timing, load-dri- 
ving, filtering, testing, troubleshooting and dozens of other 
innovative techniques that help designers overcome tricky 
engineering hurdles. 


Please send me copies of EDN’s 1994 

DESIGN IDEAS @ $22.95. 

Sales tax (orders shipped to these states 

must include applicable sales tax : 

CA, CT, MA, NJ, NY) 

Shipping: $3.50/copy (US) 
$15/copy (foreign) 
$3.00/additional copy 





Total 


TO ORDER: 

CALL TOLL FREE (800) 523-9654; (FAX 708-390-2779) 
or fill out the coupon below and mail it to: 
Cahners Reprint Services 

1350 E. Touhy 

Des Plaines, IL 60018 


L) My check is enclosed payable to Cahners 
Reprint Services 


Charge my credit card: 
L) Mastercard ) Visa L) Amex 


CREDITCARD# = ~——_ EXPIRATION DATE ~ 
SIGNATURE = ~~~ PHONE 
NAME 

COMPANY 

ADDRESS 
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ae | CAREER OPPORTUNITIES 


Wireless communication is the driving technology that will 
drive us into the late 90’s and well into the 21st Century. 
QUALCOMM, a leader in wireless communications, is one of 
America’s fastest growing companies. We are a pioneer in the 
application of Code Division Multiple Access (CDMA) to 
mobile/satellite communication systems. 





‘pportun ity : 


~ UNLEASHED 














Research & 
Development 
Engineers 


Digital Video 


At Thomson Consumer 
Electronics, our RCA, GE and 
ProScan brand consumer 
electronics products are 
redefining home entertainment 
technology. Our RCA Digital 
Satellite System, the most suc- 
cessful new product in con- 
sumer electronics history, 1s 
only the beginning. At our 
Corporate Research center in 
Indianapolis, we’re looking for 
hardware and software engi- 


As a QUALCOMM engineer, you'll grow as rapidly as your 
talent and drive will take you. 


We have engineering opportunities in many areas of digital 
design, including but not limited to: 


® Gate Array/Standard Cell/FPGA Design 
® Verification 
® Synthesis 

© Embedded Processor Design 


Your design will be used in large volume/ power sensitive 
subscriber units as well as in ‘very complicated 
switch/ground equipment. 


We are committed to excellence and provide our engineers 
with a great environment and the latest in CAE technology. 


Engineering opportunities also exist for Software 
and Test Engineers. 


QUALCOMM offers competitive salaries, excellent benefits 
and opportunities for advancement. Please send your resume 
in ASCII text via Internet to: Resumes@qualcomm.com You 
may also mail or fax your resume (indicate dept. code on both 
cover letter and envelope) to: QUALCOMM, Human 
Resources, Dept. EDN/DD, P.O. Box 919013, San Diego, CA 
92191-9013, fax (619) 658-2110. Or see us on the Worldwide 
Web at http://www.qualcomm.com/ QUALCOMM is an 
Equal Opportunity Employer. 


neering professionals to help us 
unleash the potential of digital 
video—including satellite and 
terrestrial distribution systems, 


and High Definition Television. 


¢ MPEG Hardware 
Development (BSEE or 
MSEE) 

¢ Systems Hardware 
Development (BSEE or 
MSEE) 

¢ Software Development 
(BSEE/CS or MSEE/CS) 

¢ ASIC Design (BSEE or 
MSEE) 


UALCOMWU 


NCORPORATED 


= 





MIDWEST BROPENINGS 
Ok 


ELECTRONICS ENGINEERS 
COMMERCIAL PRODUCT DESIGN 
BS/MS 3+ Years experience in any of the following: 

¢ RF/Radio circuit design 
¢ Electro-hydraulic controls 
e Embedded microprocessor systems 















CALL TODAY FOR MORE 
INFORMATION ON PLACING 
YOUR ADVERTISEMENT IN 

EDN’S CAREER 


To explore these opportuni- 
ties, send your resume by 


fax:(317) 587-9744 or email: 


lovelld@tcemail.indy.tce.com 


/,.\ THOMSON 


Indianapolis, IN 


¢ Avoinics — software, ‘C’, C++, displays, 
flight control 
Multiple openings with top commercial companies 
in the Upper-Midwest. Contact: 


DON GALLAGHER MSEE, President 
Gallagher & Associates 
1145 Linn Ridge Rd., Mount Vernon, 1A 52314 
(319) 895-8042 * Fax (319) 895-6455 


OPPORTUNITIES SECTION 
CONTACT: TRISH KENNEFICK, 
1-800-603-4859 TEL 
1-617-630-3925 FAX 





We rely on diversity to 
fuel innovation. EOE. 
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po DN | CAREER OPPORTUNITIES 
es | PROFESSIONAL SERVICES 


PRODUCT ENGINEERING 
& MFG., INC. 
Over 25 Years Experience in 
Complete Mechanical Services 
¢ Industrial Design & Rendering 
¢ Enclosure Design 
¢ Mechanism Design 


¢ Reverse Engineering 

¢ Product Evaluation 

° Prototyping 

From hand held Plastic Products... 
Too Complete Machines 

ae CALL FOR BROCHURE 


Learn DSP and put your knowledge to work |) \. Viena’ susso55 








IMMEDIATELY! 


To receive an informative brochure on this popular seminar, call | 


Z Domain Technologies, Inc. at 1-800-967-5034 | - 


404-587-4812. Hours: 9 - 5 EST. Or E-mail dsp@mindspring.com —. 










Also, a 2-day ADVANCED class in DSP is available on a S 


) 683-8823, or write to: 

Robert Platt Bell, P.C. 
P.O. Box 19668 
Alexandria, VA 22320 

** No Charge for Initial ih 





limited basis -- call for more details. 


By taking this 3-Day Course, you will really | 


learn DSP. Guaranteed! . 





What Happens When You 
ae Don’t Advertise? 















Coming to a City Near You: 
Washington DC - Dallas TX - Atlanta GA - San Jose CA 






NOTHING! 


Te YOU WANT TO REACH OVER 163,000 ENGINEERING PROFESSIONALS, IN 
OVER 52,000 LOCATIONS, EDN CAREER OPPORTUNITIES IS THE BEST PLACE 
TO ADVERTISE YOUR COMPANY’S POSITIONS. 






rae THE ATTENTION OF 100% QUALIFIED ENGINEERS AND MANAGERS 
INVOLVED IN DESIGNING OR DEVELOPING ELECTRONIC PRODUCTS, WHO LOOK 
TO EDN MAGAZINE’S CLASSIFIED SECTION FOR CAREER OPPORTUNITIES. 






ET ME HELP YOU FILL THOSE POSITIONS! ONLY EDN CAN GUARANTEE 
YOU'RE REACHING THE KEY DESIGN ENGINEERS IN THE ELECTRONIC ORIGINAL 
EQUIPMENT MANUFACTURERS MARKET. 


Call: TRISH KENNEFICK 
Tel: 1-800-603-4859 Fax: 1-617-630-3925 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 





SUPER TURBO 


The MOST Flexible EPROM 
Emulator You Can Get Today! 


Windows 

and DOS 
, Versions 
INCLUDED! 


Emulates up to eight 4-Megabit 
EPROMS from one serial part. 


* Download 4Megabits + Accepts Intel Hex, 
in: 11.6 seconds! Motorola S-record 


* Standard access time and Binary files. 


of 100 nanoseconds «+ Base system starting 
(faster speeds are ava:lable} at S1 99. Other con- 


* Easily Expandable! figurations available. 


Order your ROM-IT Today! 


incredible Technologies, Inc. 
Call (708) 870-7027 of FAX (708) 870-0120 
Visa, Masiercasd, and American Express Accepted 


ep 4 _ mt Heue urn 
FLEX ANsH asic 

RIGID FLEX 
133780) 


Call for a Quote 


(408) 988. 3980 
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In-Circutt Emulators 


See EEM 
94-’95 pages 
D 1288-1294 


5 ft. cable ~* 


- Plug-in boards or RS-232 box. 

- Choice of user interface: DOS, Windows or Borland 
keypress compatible. Hosted on PC’s or Workstations. 

- Supports virtually all derivatives of the 8051 family. 

- Source-level Debugger with complete C-variable support. 

- Real-time emulation speed up to 42 MHz. 

- 64 bit wide, 256K deep trace with time stamp and 

“source line tracing." 


Fax-On-Demand Call fora 
Literature Request Service Free Demo Disk. 


408-378-2912 (408) 866-1820 


Nn OHauU 51 E. Campbell Avenue 


Campbell, CA 95008 
CORPORATION Fax (408) 378-7869 
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UNIVERSAL/GANG PROGRAMMERS 


Appreciated by over 70,000 users worldwide 


@ Supports Altera 7xxx, MACH 435, Xilinx, 
Intel FX7xxx, nearly all FPGA/CPLD/PLD... 

@ Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

@ Test TTL 74/40/45 series, DRAM(SIP/SIMM), 
and SRAM. EPROM EMULATION option. 

@ Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


Tribal Microsystems Inc. 

44388 S. GRIMMER BLVD., FREMONT,CA 94538 
Tel: (510) 623-8859 

Fax: (510) 623-9925 
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To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


Model 1010 
Synthesized Function Generator 


Performs as three instruments: a function generator, 
a sweep generator, and a pulse generator. Frequency: 
DC to 12 MHz, resolution .005 Hz, accuracy to +2 
ppm. Digital output level control from 20 mv p-p to 20 
V p-p. Independent digital output level and DC offset 
control. AM or FM modulation from. internal synthe- 
sized source. Log or linear sweeping with markers. 
Sine or square wave burst modes. Nonvolatile storage 
of user setups. Basic unit: $389, RS-232 remote op- 
eration: $65, +2 ppm accuracy: $80, 12-MHz opera- | 
tion: $65. 1-818-889-9072 Fax (818) 889-9072 
Videospectra, P.O. Box 755, Agoura, CA 91376 
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SOCSI 


Tam Ging etiam teellir-tae) a 


80196 © 8051 © 80186 ¢ 78 
DSP « HPC ¢ 8085 ¢ 7380 





EXTERNAL UNIT WITH NO PLUG-IN CARDS 
OUTSTANDING PERFORMANCE AT A REALISTIC PRICE | 


FOR MORE INFO OR TO ARRANGE 
YOUR 10 DAY FREE TRIAL, CALL: 


1-800-838-8012 
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Are You Having Difficulty Solving . 
Multibus board Source Problems? 


“INTEL COMPATIBLE BOARDS” 


Zendex Is Your Ultimate Source For Mult fbus | Boards 


ZENDEX has been eet and producing Multibus systems and embedded 
enclosures since 1979. Our Muitibus chassis family includes over 25 aperrs 
mi pi not to mention backplanes of every size and imaginable. Our s) 
is — sourcing Intel's linc of Multibus enclosures such as the 6 
$10. 320 boxes If we don’t have it, we will make it 
%& Some Of The Many Multibus I Board Products - 
*ZX-655 (4 ae MBI chassis) 
*ZX-660 (9 Slot MBI chassis) 
* ZX-920 (8 Slot MBI chassis with drives) 
* ZX-960 (7-9 Slot MBI chassis with drives) 
* ZX- 980 (16 Slot MBI chassis with drives) 
ZX-981 (26 Slot MBI chassis with drives) 
746.9, 12, 15, 16, 20, & 26 slot MBI card cages and backplanes 


6780A Sierra Court 
Dublin, CA 94568 
PHN 510 828 3000 


Leaders In Industrial Coniputer 
FAX 510 828 1574 


Products Since 1979 
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Thin Lithium 
Batteries 


e As thin as 0.6mm 
e Thin rectangular format 
¢ Customized capacity 
4 ° Solder or pressure contacts 
meee ° Available in 3 and 6 volt 


family of products: 
e Standard: A, B, C sizes 
¢ Ultrathin: less than 1 mm 
e Customized: capacity and/or size 
e Rechargeable: call for information 
Gould Electronics Inc., Electronic Power Sources 
35129 Curtis Blvd. Eastlake, Ohio 44095-4001, USA 


Phone: (216) 953-5059 Fax: (216) 953-5152 
Toll Free: 1-800-722-7890 (U.S. & Canada) 


=" GOULD 


Ci, traninre 
cleciionics 
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Starting at 


$1 79 With Probes & 
Software 


- 200 MSa/s Sampling Rate 

- up to 128K Samples/Channel 

- PC-BASED INSTRUMENT 

- 2 Analog Channels (2ch. Oscilloscope) 
- 8 Digital Channels (8ch. Logic Analyzer) 
- 125 MHz Single Shot Bandwidth 


Call (201) 808-8990 
Link Instruments 
ha 


369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 
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¢ RS-232/422/485/MIDI 

¢ ASYNC or SYNC <I5S 

¢ Single & Multi-Port odcies 

¢ Free Technical Support from the 
Leader in PC Communications 

¢ In Stock, Call! 


SEALEVEL 


COMMUNICATIONS & I/O 


P. O. Box 830, Liberty, SC 29657 
(803) 843-4343 
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Low Cost Data Acquisition 


Quatech's new DAQ-801/802 pro- 
vides a low cost solution to data 
acquisition. Each card offers 12-bit 
resolution, eight channel analog 
input, two channel D/A output, 
32-bit digital 1/O, and three 16-bit 
programmable timer/counters for 
ISA bus computers. 


The DAQ-801 provides program- 
mable gains of 1, 10, 100, and. 1000, 
while the DAQ-802 has program- 
mable gains of 1, 2, 4, and 8. 
Connectors are Keithley MetraByte DAS-16 compatible. Software support for 
Windows, LABTECH®NOTEBOOK™, and Snap-Master™. An optional Visual Basic 
Controls is also available. Ask about our complete line of data acquisition products. 


C2 mR For more information and a free 1995 Handbook call: 800-553-1170 


662 Wolf Ledges Parkway, Akron, Ohio 44311 


CIRCLE NO. 262 
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FAX: (216) 434-1409 BBS: (216) 434-2481 
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¢ Source low phase noise sinewaves 





FLEXIBLE 


Memory EMULATORS 


>90 day WARRANTY. 


See > 10 day MONEY-BACK GUARANTEE. 


>Supports Read and WRITE access by TARGET. 
i > Download and VERIFY from HOST: 
View/Edit SRAM contents while target is running. 
>Full screen ASCII/HEX editor included. 
> Libraries provide high level access to emulator. 
>Daisy-chain up to 4 units for multi-EPROM targets. 
@ >Field upgradable to 4Mbit (27040) emulation. 
>Battery back-up, PLCC and 16bit adapters ataily’ Ag 


A evel oid Reve) hy 
(214) 272-9392 
FAX: 494-5814 
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12 MHz Direct Digital 
shat: 


¢ Clock signals: 1uHz to 48 MHz 

e EIA232 interface 

e Lockable to external standards 
PC cards & OEM modules available 


Novatech Instruments, Inc. 

1530 Eastlake Avenue East, Suite 303 
Seattle, WA. 98102 

(206) 322-1562 FAX (206) 328-6904 
e-mail: novatech @ eskimo.com 
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Industrial Quality PCMCIA Card Drives | 


Adtron's PC Card Drives connect to the 
ISA ¢ RS232 © LPT « ATA ¢ IDE © SCSI ¢ PC/104 
; eka of a PC, workstation or embedded alae 


“3050 S- Country 
—— =" 4 ee 
ie a Cio 
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To advertise in Product Mart, call Joanne Dorian, 212-463-6415 








Why give up board ‘space? | 


Our MCX is 30% smaller than SMB connectors 
and an excellent choice for high density packag- 
ing requirements. With a rugged snap-on mating 
design, these crimpable contact connectors allow 
for fast and dependable crimp-crimp assembly. 
Our MCXs employ .020" standoffs for improved 
board cleaning and are available with .100" leg 
spacing. 


VEFJohnson 1-800-247-8256 


COMPONENTS 


E.F. Johnson Co., P.O. Box 1249, Waseca, MN 56093 
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Combine your 
Product Mart ads in 
EDN Magazine and 

Products Editions 
for 
higher impact 
and a 
lower rate! 


CRULENO Ce 








2 BOPS 


4 Million Transistors 


Orchestrate The 
Power Of The C80! 


Perfect for real-time video, 
telecommunications, and 
image/signal processing, 
the Master MVP 
Development Board offers 
the following features: 
* Up to 24 Mbytes of zero wait-state SRAM 
¢ Up to Four 330 Mbit/sec serial links 
¢ Video controller with 4 Mbytes of VRAM 
* Two, 64-bit daughter card connectors for custom 
hardware 

The Wintriss Master MVP Development Board 

accelerates your product's time-to-market by reducing 
hardware and software development time. 


6342 Ferris Square 
San Diego, CA 92121 


Mf WWINTRISS (619) 550-7300 
yy ENGINEERING (800) 550-7308 
CORPORATION ¢-mail:weco@weco.com 
URL:http://www.dspnet.com 
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: m Broad support of derivative devices /interchangeable probe cards 


in Product Mart, call Joanne Dorian, 212-463-6¢ 1 







? 


: New I/O Board Catalog Has 
PLCC LoClip — PLCC Probe 


40 New Products 


New 216 page : 
catalog. Detailed data | 
__| sheets, apps 
_| information and 
| sample programs for 
| industry’s leading 
| line of high-speed 
| analog I/O boards for 
_| PCI, EISA, PC/ISA, 
_ | VME and Multibus. 
_ | Streaming data acq. 
| boards with FIFO’s, 
RAM’s and DSP’s. Up 
| to 256 input channels. 12/14 bit A/D’s to 
_ | 10MHz. Simultaneous sampling with multiple 
| (2/4/8) A/D’s. Arbitrary waveform generators 
| (2/8/16 channels). Programmable power sup- 
| plies. Power supply test cards. Windows and 
| LabVIEW® bridge software. 


NATE! 
SepeA EE OF : 
a7 fea a 


11 Cabot Boulevard ¢ Mansfield, MA 02048 
(508) 339-3000 © (800) 233-2765 
FAX (508) 339-6356 






















































Probe in Place ee 
* Probe surface mounted PLCC chips 
* Lowest profile Clip (.45" - .75") 
¢ Instrument VME bds. etc with no extender 
¢ PLCC sizes from 20-84 pins 
¢ Annotations available 
* Mechanically and electrically reliable connection 
¢ Ask about custom solutions 


IRONWOOD ELECTRONICS 


P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 
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Stand Alone 
or RS 232 Host 
Device Prog 







a ICeMASTER 
In-Circuit 
Emulators 
From $851 











A om Windowed interface-- 
user configurable 


| © Real-time and non- 
intrusive 


i Source level debug 



















SOCKET ADAPTERS 
NOT INCLUDED 









m Support for structures, arrays, unions and pointers 
m Trace buffer with advanced searching capabilities. 
m Fast serial (RS-232) link to any PC, even laptops. 

















¢ Stand Alone or RS 232 »* DOS/Windows 3.0/3.1 
«Gang 8 EPROM Option »¢ Waferscale PSD 

e EE/EPROM to 16 Meg. ¢ Microchip PIC 

¢DIP, PLCC, QFP, and ~~ Motorola Micros 


@ Rental and 10-day trials available. 
m Call today for free demo disk 


































(800) 638-2423 other socket technologies» All Xilinx Devices Supported 
¢ PLDs and FPGAs ¢ Free Software Updates 

= =_:_® ral ¢ Compact & Portable 
1", Metatink pt ian: 

er iaehy MetaLink Europe GmbH EAST COAST Rayer” LOGICAL 
Phone: (602) 926-0797 Teleton: (08091) 7046 800 331-7766 DEVICES, INC. 
Fax (602) 926-1198 TeleFax (08091) 2386 : 
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MacOS 


Call the leaders in Electronics CAD 
software on the Apple Macintosh for 
your schematic, PCB, simulation and 
PLD/FPGA design requirements. 












Free , me 










fax: (604) 522-3972 
e-mail: info@capilano.com 
www: http://www.wimsey.com/capilano/ 



























Capilano 7 1724 Picasso Ave. 
i Davis, CA 95616 
Computing - Je9 WOM) 916.757.3737 
Macintosh is a registered trademark and Mac OS is a trademark of Apple Computer Inc. : : ae Hole 91 6.753 5 4) FAX 
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for Windows: 
The easy way to desion Company Page Circle Company Page Circle 
PLDs and CPLDs. Aavid Engineering 129 163 Microware Systems 127 162 
¢ Full hierarchical support makes larger Adtron Corp t72 264 = Mini Circuits 3 122 
designs easier to manage Advanced Linear 174 275 41 121 
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MICRO-CAP IV 30 
Analog simulation for the 
power-hungry designer: 


Now optimized for PowerPCs and Pentium systems. 


The 14-year tradition continues; we’ve made the best PC-based interactive CAE tool even better. Designed 
to exploit today’s most powerful PCs, MICRO-CAP IV Version 3.0 is optimized for PowerPCs (where it runs in 
native-mode) and Pentium-based machines. So it’s easier than ever to assume masterful 
control over analog circuit creation, simulation and edit-simulate tasks—even on 
large 10,000-node circuits. 

Now, aided by integrated Monte Carlo analysis, you'll march unchecked through 
yield and performance studies. Use MICRO-CAP IV’s improved convergence to subdue 
even the most difficult circuits. And enjoy time-saving features such as the ability to 
read, write and analyze SPICE text files and MC4 schematic files. Fully integrated 
schematic and text editors. Instant feedback plotting from real-time waveform display. 
Direct schematic waveform probing. And an interactive graphical interface that stream- 
See aia lines each task. 

You'll take full command of modeling, too. With powerful analog behavioral 
modeling capabilities. Massive new libraries that put 6000-PLUS models at your 


weir 


AMAA 








fingertips. And an Optimizing Model Generator mols Beem halo 

that lets you quickly create new device models. SS LL FEES 
Bet of all, this major advance in performance Snactrum Software 

comes wth no advance in cost; MICRO-CAP IV ie S Wolfe Road 


rochure ind demo disk. And see why, in PC-based Sunnyvale, CA 94086 


is still only $2495. Ask for 3 ae wy to seize power. (408) 738-4387 FAX (408) 738-4702 
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More Than 350,000,000 Sold 
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By designing reliability 
in right from the start, 
Grayhill DIP switches 
provide more switch 
operations over time, 
and guaranteed first- 
time, every-time 
activation. 


You can choose from... 


e Standard DIP Switches— 
Grayhill's unique spring and ball 
contact system provides three 
times the contact pressure of 
existing overleaf designs for more 
reliability and greater immunity to 
shock and vibration. Choose SPST, 
SPDT or DPDT circuitry with thru- 
hole or process-sealed surface 
mount designs. Tube or tape-and- 
reel packaging. Available are the 
Series 90 Surface Mount or 
Machine Insertable, Series 76 
Piano, Series 76 Rocker or Series 
78 Slide Switches. 


¢ Rotary DIP Switches— 
Grayhill's Series 94 offers more 
than 320,000 switching operations. 
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Product is available in popular 
octal, BCD, hexadecimal and 
equivalent complement code 
outputs with shaft lengths from 
flush-mount to 0.270 (6,86mm) in 
thru-hole or surface mount 
designs. Various knob options are 
also available. 


¢ Grayhill Series 95 Tact 
Switches offer positive tactile feel 
in two sizes—11,5mm square or 
6,9mm x 3,5mm—with either 
perpendicular or right-angle 
actuation. 


Plus, only Grayhill DIP Switch 
products are manufactured to 
meet MIL-83504 (U.S.), ISO-9001 
(U.S.) and B8560 (Europe) 
qualifications. 


Grayhill DIP Switches offer 
performance and reliability at an 
affordable price. Call 708/354-1040 
to request a quote, obtain a crogs- 
reference or to receive technical 
literature. 





% 


An ISO-9001 Company 


dtl Hillgrove Avenue 
PJ. Box 10373 


LiGrange, Illinois 60525-0373 USA 
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AT YOUR FINGERTIPS - 


Your life just got Ne Bt a oe ee OL Ome \ ino D eee World’s first 25 ns 
easier, thanks to 1 Mb EPROM, and the 





the new Cypress Data Book. It’s a Cypress broadest line of fast SRAMs. 

. as Data, Book 
complete listing of all Cypress’s | Rest easy! One supplier 
high-quality, high-performance | | means fewer headaches, faster 
parts. And it’s all you need. | "tie delivery, and Cypress guarantees high 

Because Cypress offers the * <. oe quality with its own fabs. The best 
widest range of fast, high-density — part? The Cypress Data Book is free! 
products — including CPLDs and FPGAs, _ Give yourself a break. Call 1-800-858-1810*, 
a 100 Mbps Ethernet transceiver, the Dept. C421 for your free Cypress Data Book! 


Warp and UltraLogic are trademarks of Cypress Semiconductor Corp. All other trademarks are of their 
respective companies. © 1995 Cypress Semiconductor, 3901 North First St., San Jose, CA 95134. 
Phone: 1(408) 943-2600, Fax: 1(408) 943-2741. 











